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THE IMPORTANCE OF SAFETY IN THE 
DESIGN OF ROAD VEHICLES 


Last year for the first time in Great Britain the 
annual road accidents exceeded 300,000. This was 
an increase of 30,174 over 1958. Before the motor 
car age fatal road accidents were in numbers of one 
or two hundred a year. Last year there were over 
6,000. 


Each year these injuries increase in numbers and 
in severity in direct relation to the numbers and 
speed of vehicles on our roads. Now the British car 
manufacturers are pouring thousands of new cars 
on to our inadequate roads each week. It is antici- 
pated that by 1970 there will be 10-12 million 
private owners as compared with the present 
54 million in this country. If this estimate is fulfilled 
road traffic accidents will increase to alarming 
proportions. What can be done during this decade 
to lessen the cost in lives and permanent disabilities 
from these injuries? Even now accidents, and 
predominantly road traffic accidents, are responsible 
for more deaths and more crippling in men up to the 
age of 45 than any other disease or group of diseases. 
The outlook for the end of this decade is indeed 
grim. 

Road accident statistics give a lead to research on 
which future injury prevention measures could be 
based. They show that the numbers of pedestrian 
injuries are steadily decreasing each year as vehicle 
congestion forces pedestrians off the road or to more 
careful behaviour. Yet the total road casualties 
increase by about 10 per cent each year. The Road 
Research Laboratory has shown that (on the basis of 
vehicle miles travelled) the chances of being killed 
driving a car, pedal cycle or motor cycle are in the 
ratio of 1:5:23. This evidence indicates that two 
wheel vehicles give little protection to their users, 
their vulnerability to injury and death is almost 
as great as that of the two legged pedestrian. 


As to the driver, Canadian research workers have 
shown that ‘a man drives as he lives’. If he is 
an agressive, mannerless or lawless person, that is the 
way he will drive his vehicle. It may well be that 
defects in a driver’s personality cause more accidents, 
more injuries and more deaths, than defects in 
design to either vehicles or roads. When a driving 


licence is issued, a driver’s personal or criminal 
record is not now considered to be of any import- 
ance. Yet until an automatic pilot becomes a 
reality, as it might in time, tests of suitability to 
control as distinct from driving a vehicle should be 
seriously considered by all licensing authorities. For 
some years many American transport firms have 
submitted their drivers to such an examination and 
to strict periodic medical checks. As a result these 
firms have substantially reduced their losses in 
personnel, in vehicle damage and in damage to goods 
during transport. 


Hospital surgeons after examining injured car 
occupants can generally state, and with considerable 
accuracy, whether the injured was the driver, the 
front or the back seat passenger. For example, the 
most serious chest injuries occur to the driver as the 
result of forcible impact against the steering 
assembly. The front seat passenger has characteristic 
injuries from impact of his lower limbs or his head 
against the dashboard, or glove cupboard, or both. 
Serious deep and permanently disfiguring cuts to the 
face and neck are evidence that the driver’s or front 
seat passenger’s head and neck had gone through the 
windscreen. Further, such injuries indicate that 
the windscreen was not made of toughened glass, but 
was made either of laminated or other makes of 
glass. When toughened glass breaks it shatters into 
opaque crystals with smooth edges, like smal! lumps 
of sugar. These cannot cut the skin. Toughened 
glass shatters, becomes opaque so that the driver 
cannot see through it, but he can safely thrust his 
fist through to regain a clear vision. 


There are similar characteristic injuries to back 
seat passengers as they are forcibly thrust against 
the backs of the front seats, the roof or the many 
projecting internal fittings of the vehicle. 


In brief, serious injuries result from car occupants 
being ejected off their seats and then thrown about 
within their enclosed metal box after the car is 
involved in collisions, side-swipes or overturning. 
The most serious injuries result when car occupants 
are ejected from the vehicle and thrown out like 
arrows, as doors fly open when the car body 
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concertinas on collision impact, or in overturning. 
This type of ejection accident is more common in 
the United States than in this country, and is 
probably related to American car design and 
crowded high speed motorways. 


There is safety equipment now available that can 
appreciably lessen the risks, both of being thrown 
against parts of the car, or being ejected from the 
vehicle. Reliable safety harness can keep car 
occupants on their seats. But the harness must be 
very securely fixed to a very firm floor structure. It 
should have both shoulder and lap straps. Safety 
harness would be much more efficient when car 
designers incorporate it as a basic part of seat design. 
Dr H. J. H. Starks of the Safety Division of the 
Road Research Laboratory, believes that a car seat 
should be fixed to the floor firmly enough to with- 
stand the force of a ton. When safety harness is 
incorporated in such a seat, it would occupy less 
space and be much more acceptable to car occupants. 
Until the British Motor Industry accepts this view, 
available safety harness is the best solution. The 
Road Research Laboratory is now collecting 
evidence from wearers of safety harness who have 
been involved in road crashes. The numbers are not 
yet statistically significant but the evidence in favour 
is very impressive. A short while ago my own car 
was involved in a violent rear impact collision. My 
wife and I were wearing shoulder and lap strap 
harness and we stayed securely on our seats and 
were not even shaken. This experience brings me to 
my next point. 


One of the important safety features in car design 
is sound body work of good torsional strength metal 
construction and weight distribution. At least one 
British car manufacturer has laid down rigid 
standards of torsional strength and bending stiffness 
of the metal used in the construction of all that firm’s 
vehicles and a set standard of safe weight distribu- 
tion. Yet neither this firm or any other manufacturer 
includes this important production detail in the 
advertized specifications of their vehicles. My own 
cars are saloons of known structural strength. Last 
year, in a similar make of car, my wife experienced 
her first road accident. Whilst being driven in 
Australia the car got on to the dangerous soft edge, 
typical of their country roads, somersaulted three 
times but maintained its shape. The three lady 
occupants received only minor injuries. 


Of equal importance in safety car design is that 
the driver should be able to see, by day or at night, 
everything that is happening on the road in front or 
behind him. Most modern cars are supplied with 
excellent front view windscreens and windscreen 
washers—the latter are essential safety equipment; 
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a dirty windscreen, particularly on the new motor- 
ways after rain, is a major accident hazard. Unfor- 
tunately wing mirrors are supplied only as an 
optional extra. The Road Research Laboratory, 
after research on hundreds of actual road accidents, 
put wing mirrors very high on their list of safety 
equipment. By law, commercial vehicles are 
compelled to have two external rear-view mirrors. 
The majority of modern cars do not fit any. Without 
external rear view mirrors the driver’s rear view 
through his internal mirror depends entirely upon a 
clear back window. As most modern cars are 
supplied with heater, rear windows frequently mist 
over. Only Rolls Royce fit, as standard, a rear 
window demister. 


In night driving a motorist’s vision suffers greatly 
from the dazzle of head lamps. This is a particular 
hazard on the multiple traffic lanes of M.1. The 
dazzle of head lamps also presents difficulties on 
undulating and twisting rural roads of Britain. Yet 
no one compels car manufacturers to align the head 
lamps of their cars correctly, or to limit the numbers 
of head lamps—cars can have one, three or more 
probably pointing in different directions and dipping 
incorrectly. Yet strict regulations on head lamps 
would be easy to enforce. 


British car manufacturers are to be congratulated 
on the quality of brakes usually fitted to British cars. 
The disc type is better than drum brakes, for heating 
up will not cause the disc type to fade. But if 
brakes are jammed on hard, wheels are liable to 
lose adhesion, and the result is loss of driving 
control by swaying and skidding. There is a brake 
system that avoids this danger; on each wheel there 
is a small wheel revolving in it coupled to a valve in 
the hydraulic system. If one wheel locks this small 
wheel automatically releases the brakes but applies 
them again when the wheel begins to turn again. 
Good as the British brakes now are, they could be 
safer. 


Tyre construction and tyre maintenance have 
become of major importance in high speed travel for 
long periods, particularly so on the new motorways. 
On these high speed motorways one tyre burst could 
result in the pile up of many cars and serious injuries 
to their occupants. Special tyres suitable for these 
conditions are, however, available but only as an 
optional extra. American car owners and tyre 
manufacturers are much more aware of this particu- 
lar hazard than we in Britain. Most British tyre 
manufacturers do advise motorists to inflate all 
types of tyres an extra six pounds before using at 
speeds of over 80 m.p.h., and to use the special 
tyres if the speed is likely to exceed 105 m.p.h. 
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The steering assembly of traditional design can, 
ind frequently does, cause irreparable damage to 
he chest wall, the lungs, the heart and the major 
olood vessels leading from the heart. The traditional 
lesign of steering wheel is the most unnecessary 
single hazard in present car design. Steering wheels 
have been designed that to a certain degree add 
to the safety of the driver. The new Triumph Herald 
has such a wheel. The steering assembly could be 
replaced by a small lever using power assisted 
steering. This would eliminate the hazard altogether. 
But perhaps the captain of his car will insist that he 
remains at his wheel for many years to come. He 
would be a wise captain only if he takes an extra 
reef in the shoulder straps of his harness to keep 
him, on all occasions, at a safe distance from this 
killing hazard. 

Finally, there should be no sharp projecting 
fittings inside a motor car. The French Government 
has recently issued safety regulations that insist on 
this. These regulations will'make it very difficult for 
many British firms 6 sell their particular design of 
car on this market. 


The demand for safer car design rests with the 
public and the responsibility with the Government. 
The Government could, even on the present 
evidence, insist that all cars be built on approved 
safety standards. Such Government regulations 
already exist for factory machinery. However, more 
information is needed and this hospital is now plan- 
ning intensive research, commencing with the 4,000 
road traffic accidents it receives each year and tracing 
the cause of these injuries back to the design features 
of the vehicle. The research will include studies 
of those who were injured, those who escaped 
injury, and those who failed to reach hospital alive. 
On the basis of such research, correlated with 
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research now undertaken by the Road Research 
Laboratory on the road factors now responsible for 
the accident occurrence, sufficient evidence should 
be available on which the Government could firmly 
base approved safety standards of roads and road 
vehicles. 


In planning an all out attack to control this 
modern epidemic of road injuries steps are being 
taken to improve the standard and quick availability 
of hospital accident treatment facilities, and to 
increase the research programmes on the causation 
of road accidents and the injuries resulting. The 
matter is most urgent. On the evidence the present 
epidemic could reach, by 1970, such proportions as 
600,000 injured and 15,000 killed each year in this 
country. One important problem, however, still 
awaits top level consideration. How to implement, 
without unnecessary delay, sound research findings 
into worth while preventive measures. In car design 
this is of particular importance. Prototype cars that 
will not come into production until 1963 or 1964 
have already been made by the big manufacturers. 
Planning for safety, if the epidemic is to be quickly 
controlled, should start at the top by the closest 
collaboration between recognized research groups 
and car manufacturers, reinforced, if necessary, by 
government action. 


As long as the public continues to buy cars for 
style, speed and economy alone, so long will manu- 
facturers decline, at this stage, to spend money on 
safety design. Who can blame them? They operate 
in a fiercely competitive market in which only those 
firms that succeed in selling cars to the public, can 
hope to survive. 

WILLIAM GISSANE 
Surgeon in Chief, 
Birmingham Accident Hospital 


“S 


1960 ESSAY COMPETITION FOR SCHOOLS 


THE Research Essay Competition for Schools was instituted in 1957 to encourage 
scientifically-minded school pupils to write clearly and comprehensively about their work. 
Schoolboys and schoolgirls are asked to write a report of 1000 to 1500 words on any recent 
piece of practical work or special project they have carried out in chemistry, physics or 
biology. The author of the best report, in the opinion of the judges, will receive a prize of 
books to the value of £15 and there will be a second prize of books to the value of £10. 
Similar awards will be made to the school libraries of the first and second prize winners 


respectively. 


Full details of this competition are available from the publishers of Research, 4 and 5 


Bell Yard, London, W.C.2. 
July 31st is the closing date for entries, 





Tercentenary of 
The Royal Society 


Sir Edward Salisbury 


Tuts year ‘the Royal Society of London for Im- 
proving Natural Knowledge’ celebrates the ter- 
centenary of its beginnings in the Gresham College 
meetings which Samuel Pepys was to describe when 
later he joined the Fellowship. It was not, however, 
till 1662 that Charles II gave the Society a Royal 
Charter though not, perhaps fortunately, the 
endowment that had been promised also. Little 
probably did he or the founders foresee its glorious 
future, to enjoy a longer continuous record of 
activity than any other scientific academy in the 
world and to become the most famous and authori- 
tative of the world’s scientific institutions; not 
least because, as a body, it has pursued its philo- 
sophic ideals, aloof, alike from the distractions of 
political bias and the hampering bonds of creed or 
racial prejudice. 


In its early years the main contribution of the 
Royal Society to the newer learning was perhaps to 
foster the growing spirit of experimental investiga- 
tion, at a period when philosophic argument was 
still apt to be the substitute for patient enquiry. 
Almost throughout these three centuries the Society 
has published the outcome of the activities of its 
members and correspondents. Thus the first number 
of the Transactions appeared in 1662, whilst its 
Proceedings have been published for a period of one 
hundred and sixty years! To-day the average 
number of original communications that are printed 
annually in the Transactions and Proceedings is 
approximately three hundred, so that the contribu- 
tion to research thus made since the publications 
were initiated is very great indeed. A large propor- 
tion of these are the outcome of the investigations 
of Fellows and their collaborators and if among the 
Fellowship the names of Newton and Darwin shine 





supreme, those of Henry Cavendish, Humphry 
Davy, Faraday, Kelvin, Knight, Lister, Priestley, 
Rutherford, J. J. Thompson and others come almost 
unbidden to our minds as major contributors to the 
intellectual apprehension of mankind. 


In recognition of its importance to the nation the 
Royal Society has been lodged in Burlington House 
since 1778 and it administers, on behalf of the 
Government, ‘grants in aid’ that now amount 
annually to over forty thousand pounds. But in so 
doing the Society in no degree relinquishes its 
independence and indeed its freedom from public 
finance and control has been of lasting benefit both 
to science and the state. 

Because the Royal Society administers consider- 
erable funds it is often supposed that it is a wealthy 
body. In fact its very considerable endowments are 
in most instances restricted to objectives specified 
in the bequests so that, beyond the compass of these, 
the Society is often hampered by lack of funds to 
support projects that it would wish to further. This 
necessity for income available for general purposes 
can be appreciated as being the more urgent since 
the directions of scientific advance most profitable 
to pursue are frequently unpredictable until the 
need becomes pressing. Nevertheless, by maintain- 
ing some thirty research appointments the Society 
continues to make a direct contribution to investi- 
gations and it is only necessary to mention some 
recent or present holders of these, such as Lord 
Adrian, Dr H. B. Fell, Professor A. V. Hill and 
Professor A. L. Hodgkin to realise at once how 
beneficial these have been to progress. 

Knowledge is one and indivisible—the subjects 
we think of as separate are but different facets of a 
unified whole. Yet, though some aspects are more 
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TERCENTENARY OF THE ROYAL SOCIETY 


basic than others, few can be permitted to stagnate 
without the almost certain consequence that sooner 
cr later their neglect will constitute a stumbling 
tlock to the progress of others. Throughout its 
long history the Royal Society has consistently 
endeavoured to discount undue emphasis upon 
what, temporarily, appears most important, by 
adding yearly to its Fellowship proportions selected 
from each of the main fields of physical and bio- 
logical sciences, selected on the advice of a panel of 
experts for each, the composition of which is 
constantly changing. Since the number of those 
annually elected was increased from twenty to 
twenty-five the total Fellowship has grown and will 
probably become almost constant at somewhere 
above the present figure of 581. Further, by electing 
Presidents every five years alternatively from the 
physical and biological group of sciences, and also 
by having both a physical and a biological secretary, 
the Society has aimed at ensuring that proportional 
attention should be accorded to the diverse direc- 
tions of advance. Not infrequently the Royal Society 
has been fortunate in having as its President not only 
an expert of exceptional scientific ability and scope 
but one who bestrides with distinction the bound- 
aries between the arts and the sciences. Such was 
the late Professor Sherrington and in this ter- 
centenary year Sir Cyril Hinshelwood, O.M., P.R.S. 
combines international distinction as a physical 
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chemist with that of having been a President of the 
Classical Association, a notable linguist and gifted 
with keen artistic appreciation. 


The Royal Society thus enters on its fourth 
century with good augury for the future and the 
generous response to its tercentenary appeal has 
done much to assure that its efforts to promote 
the welfare of science will not be so hampered as in 
the past through financial stringency. That there are 
no grounds for complacency, however, is indicated, 
for example, by the Commonwealth Bursaries Fund, 
which makes grants to research workers of proven 
ability who wish to visit laboratories in other parts 
of the Commonwealth to learn new techniques or 
in other ways increase their effectiveness as investi- 
gators. More than four times the £10,000 per 
annum available for this purpose could profitably 
be expended, since applications have shown that 
these supply a very important and real need which 
has been too much neglected, namely training 
facilities for the experienced that may even be in 
disciplines the necessity of which is the direct out- 
come of the growing interdependence of all branches 
of science. 


The coat of arms from the Second Charter (1663) 
and the engraving of Gresham College (1739), the 
first home of The Royal Society, are reproduced by 
kind permission of the Royal Society. 














PRECISION TEMPERATURE MEASUREMENT 
OUTSIDE THE LABORATORY 


W. H. P. LESLIE, J. J. HUNTER and D. ROBB 


Fluid Mechanics Division, National Engineering Laboratory, East Kilbride 


Existing resistance-thermometer techniques of millidegree accuracy were originated by 


CALLENDAR in the 1890’s and have not substantially altered since that date. 


To meet 


the problem of measuring with this accuracy in field tests, new robust thermometers and 
the use of transformer ratio-arm bridges are proposed. Three methods for the elimination 
of the effect of long leads to the thermometers are suggested; two of these have not been 


possible with the bridge methods at present favoured in other laboratories. 


Limited 


tests show sufficient promise to merit investigation and to suggest that a reconsideration 
of the techniques used for resistance-thermometer bridges is due. The bridges described 
are suitable for strain gauge and differential transformer use. 


IN ORDER to estimate the hydraulic losses in pumps 
and turbines!” it is necessary to measure with an 
error of less than | per cent a temperature rise of 
the order 0-1°C between two points, the temperature 
range being 0-100°C. Temperature measurement 
with millidegree accuracy has been thoroughly 
dealt with in the last seventy years by CALLENDAR’, 
SmiTH*, GAUTIER®, and BARBER® whilst MUELLER’, 
HALL’, and StimMson® have written comprehensive 
reviews. In all cases the interest has been precision 
under ideal laboratory conditions—the methods 
developed are unsuitable or cumbersome when used 
with thermometers and bridges subjected to vibra- 
tion and ambient temperature fluctuations. 


When temperature has to be measured at two 
points in flowing liquids under pressure only a few 
measuring methods are attractive: 

(1) Mercury-in-quartz thermometers!® have been 
described which give errors less than +0-001°C. To 
achieve this the thermometer must be totally im- 
mersed and observed through a telescope to mini- 
mize parallax. This is not convenient when the fluid 
pressure lies between 100 and 2000 Ib jin’. 

(2) Thermocouples can be used to measure 
temperature difference. Unfortunately the e.m.f. for 
1 millidegree is less than 0-05 microvolt. Measuring 
this direct voltage is complicated by the presence 
of parasitic voltages due to electro-chemical and 
-thermal action at terminals, and even to temperature 
gradients along wires with varying strain. 

(3) Thermistors are attractive owing to their 
large temperature coefficient of resistivity (—4 per 
cent per C). They suffer from instability in charac- 
teristic—Beck'! has shown that errors less than 
0-02 C can be achieved over a 10°C range if cali- 
brated daily and kept at a steady temperature. 
Their characteristics can be made linear’ within 
0-1°C over 10°C. 

(4) General experience (references 3-9) favours 
the use of the platinum-wire resistance thermometer 


for the most accurate interpolation of temperatures 
between the fixed points on the temperature scale. 
The existing resistance thermometers have been 
developed from Callendar’s initial conception of 
using strain-free platinum wire mounted with the 
minimum of support so that strains due to differen- 
tial expansion are not transmitted to the element. 
Two useful reviews**’ deal with the current British 
and American practice but it should be noted that 
such thermometers must be protected from vibra- 
tion. A knock can alter the calibration by several 
hundredths of a degree Celsius. Some industrial 
grade platinum thermometers embed the wire in a 
cement causing thermally induced strain but protect- 
ing the element from vibration. 


Copper is available commercially in a very pure 
form and is chemically resistant to corrosion at 
room temperature. It is used in some industrial 
thermometers" because it is cheaper than platinum 
and DAUPHINEE!’ found that his copper resistance 
thermometer maintained its ice-point calibration 
within 0-05°K when cycled between room tempera- 
ture and 20°K. Dauphinee tabulates R,/R) and 
(1/Ro) (dR/dT) x 10° from 4-2 to 320°K. His success 
is attributable to the rigid but thermally differential- 
strain free construction of his thermometer which 
had an insulated copper wire fixed to a copper 
calorimeter by Forme! varnish. 


The New Thermometers 

Dauphinee’s test led the authors to select this method 
for further investigation. Copper wire was used as 
it promised sufficient stability and was cheap to 
experiment with. The method can be applied to 
platinum if expense is unimportant. 

Two Type | thermometers were manufactured in 
April, 1958. This thermometer, Figure /, of 100 
ohms had 800 turns of 48 S.W.G. vinyl-acetate 
insulated copper wire wound as a single layer on a 


2 in. length of a similarly insulated 11 S.W.G. 


250 








t- 


ire 
at 
ial 


on 
- 
nd 
SS 
a|- 
ch 
er 


in 


~pos 








PRECISION TEMPERATURE MEASUREMENT OUTSIDE THE LABORATORY 251 


opper wire. The wire was lightly smeared with 
iraldite D during winding and the winding adjusted 
o 100 ohms at 20°C. The second thermometer was 
idjusted to be within 0-1 ohm of the first at 20°C. 
Che ratio between the two resistances at the temper- 
iture of melting ice was measured as 1-00073 in 
May, 1958, 1:00072 in August, 1958, 1-00057 in 
lanuary, 1959 and 1-00068 in March, 1959. A 
variation in this ratio of 000001 represents a dis- 
agreement between the thermometers of 2-5 milli- 
degrees. These tests were made at the temperature 
of melting ice because this point could be repeated 
over a long period with an accuracy of | millidegree 
by using ice made from distilled water and by 
providing adequate thermal insulation around the 
melting ice. 


The two thermometers agreed in calibration to 
within 3 millidegrees over the period May to 
August, 1958, during which they had been cycled 
between 0°C and 100°C on many occasions and the 
plug and socket connections had been made and 
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Figure 1. Single element thermometer 


Low conductivity 
and corrosion 
resistant sheath 


High pressure 
fittings 


High conductivity 
copper base 


























Minalpha and copper 
wire non-unductively 


Watertight connection wound 





Figure 2. Dual element thermometer 


broken a number of times. The change from 
August to January which indicates a 37 millidegree 
variation between thermometers is more serious, 


and the cause was not found. Partial recovery 
indicated that between May, 1958 and March, 1959 
the calibration of the two thermometers changed 
relative to each other by 12 millidegrees. 
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Figure 3. Stability of calibration at 0°C 


It was necessary at this stage to quote relative 
alteration in the two thermometers at one *‘ well 
defined ’ point because: (/) no adequate facility for 
calibration of thermometers to the required accuracy 
was available in the laboratory; (2) the measure- 
ment of the absolute resistance of each thermometer 
separately to an accuracy equivalent to 0:001°C 
requires the existence of a standard resistance whose 
value is known to remain constant to better than 
4 parts in 10® for all ambient conditions for the 
duration of the test. 


An attempt was made to use one of two good 
commercial precision resistors for the reference 
resistor but it was found during the test that the 
ratio of these commercial resistors altered by some 
44 parts in 10® during the ten months so that it was 
not possible to use either as a reference. 


Consideration of this point reveals a practical 
difficulty in applying resistance thermometry under 
field conditions. The precise laboratory measure- 
ment relies on the operator being able to check the 
calibration of both the measuring equipment and 
the thermometer at one of the stable fixed points 
immediately before, and/or after, measuring at the 
unknown temperature. Long-term stability is not 
essential. An industrial or field measurement cannot 
always be organized in such an ideal way. It is 
necessary to calibrate at relatively infrequent inter- 
vals and to take many readings between calibrations. 
The reference resistor in accepted measuring bridges 
is constructed in a manner similar to the platinum 
thermometer, using strain-free windings loosely sup- 
ported in insulating slots and mounted in a temper- 
ature controlled enclosure. Vibration affects cali- 


bration; the temperature control, which must be 
allowed time to settle down, causes bulky and 
unwieldy apparatus. 
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If long-term stability is required the temperature 
of the reference resistor must be held accurately at 
a known value. An attractive alternative is apparent 
—the reference resistor can be placed in the thermo- 
meter at the unknown temperature. Absolute values 
of resistance do not then require to be measured 
since the ratio of the two resistors in the thermo- 
meter is an unique indication of temperature. The 
reference resistance must be as stable as the temper- 
ature sensitive element but of different temperature 
coefficient. A negative coefficient would offer the 
greatest sensitivity but there is no suitable material 
available with a proven stability to give 1 milli- 
degree accuracy, although a more leisurely investi- 
gation would undoubtedly inquire into this. A low- 
temperature coefficient wire, Minalpha, was chosen 
initially and a 100-ohm element was wound from 
46 S.W.G. insulated wire on a mandrel of 16 
S.W.G. wire of Minalpha and sparingly cemented 
with Araldite 15. 
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This Minalpha element was then mounted in good 
thermal contact with the copper end plug of the 
Type 2 thermometer (Figure 2) which also carries 
the copper element. Some tests made on this 
Type 2 thermometer reveal that the investigation is 
not yet complete although worth continuing. 
Figure 3 shows the results of measuring the ratio 
of the resistances of the copper and Minalpha 
elements at 0°C during March, 1960. The maximum 
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change in calibration during the month was 12 
millidegrees and from the 19th to 29th the calibra- 
tion remained within 3 millidegrees. It will not be 
possible to ascertain how much of this change is 
due to the thermometer and how much is due to 
the melting ice bath until some other means of 
measuring the temperature with better accuracy is 
put into use. The thermometers, having been made 
suitable for installation in 3-10 ft diameter pipes, 
are too large to be used in the standard design of 
triple-point cell'® which is necessary for the greatest 
precision. The tests are, however, establishing that, 
if calibrated once per day, the thermometer main- 
tains an accuracy of +2 millidegrees for the next 
eight hours. Better testing methods may well show 
that much of the day-to-day change is due to the 
inadequate calibration facilities available. 


Self-Heating 


Owing to the good thermal conductivity of the new 
thermometers the temperature rise at the measuring 
element for a 10 mA current (1 V and 10 mW) is 
001°C with the sheath immersed in water. If 
measurement to 0-001°C is required a 10 mA current 
can be used providing that calibration is made in 
the same fluid as the measurement and providing 
that the measuring current is not allowed to vary 
more than 5 per cent from calibrating value. Alter- 
natively, the current can be restricted to 3 mA so 
that the temperature rise inside the thermometer does 
not exceed 0-:001°C. This offers an order of higher 
sensitivity than the standard platinum thermometer. 
A bigger problem for field applications is to obtain 
a sufficiently robust sheath to withstand high 
pressure without introducing error due to heat 
conduction along the sheath. We have used a 
stainless-steel sheath of relatively low conductivity 
and mounted the thermometer element on a finned 
copper plug at the end. 
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Thermometer Bridge Circuits 


A resistance thermometer must be used with a 
rieasuring circuit such as the Wheatstone bridge 
shown in Figure 4. All the papers mentioned above 
lave described such a bridge using a direct-current 
supply. In practice the resistance of the leads to 
the thermometer must be taken into account. 
Figure 5 shows the form favoured by Callendar and 
adopted by WiLtm! and SINGH®. The practical 
difficulty in a field test arises from the need to ensure 
identical environment and handling history so that 
the leads remain matched in resistance to within 
| part in 104. 


The Smith bridge (Type 3) has been used at the 
National Physical Laboratory for many years for 
thermometry**** because the measurement is reduced 
to a single adjustment for each direction of the 
applied direct voltage. The absolute accuracy is 
dependent® on the equality of the lead resistances 
L, and L, in Figure 6 so that if L,L,L,L, is inter- 
changed for L,L,L,L, there is no change in value. 
In the ideal conditions of a calibrating laboratory 
it is not necessary to check for this equality’® since 
only the change in R, on being moved from one 
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(a) Ist balance: Then Rr = (Ra + Rs)/2; 
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temperature to another is of interest. In so short a 
time the standard resistor can be assumed to be 
constant. 
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Figure 8. (a) Mutual admittance G. 
(b) Mutual admittance and leads 





Figure 9. Mutual impedance bridge 


The National Bureau of Standards uses the 
Mueller bridge of Figure 7 in which the lead resis- 
tances are fully taken into account at the expense 
of taking two measurements for each direction of 
the current. 


Although tradition has favoured the use of direct 
supplies for bridges, developments in the last three 
decades!’-?° must be considered. The introduction 
of modern high permeability magnetic materials 
has made the transformer ratio arm the most pre- 
cise voltage ratio source available. The voltage 


ratio depends on the turns ratio between closely 
coupled windings on a magnetic toroidal core and 
does not alter due to vibration, ageing, or even 
between samples of the same transformer design. 
As is indicated below, the use of transformers offers 
a new degree of freedom in transferring voltages or 
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currents between bridge arms to compensate, or to 
avoid, the effect of stray impedance. CLARK and 
VANDERLYN™ give a detailed analysis of a type of 
transformer ratio-arm bridge best suited to measure 
a high impedance shunted by much lower imped- 
ances to earth such as Z, and Z, in Figure 8a. They 
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also consider the practical situation of Figure 8b 
where G has to be measured and state that /, and 
/, must be negligible with respect to G. CALVERT!' 
also deals with this condition. 


In our application it is difficult in practice to 
make G greater than 100 ohm or /; and /, less than 
1 ohm for long leads (100 ft). At 1000 hertz Z, 
and Z, would be greater than 100,000 ohms. 
CLARK and VANDERLYN!® deal briefly with the 
bridge of Figure 9 in which the ratio of x to y is 
measured accurately providing the shunt imped- 
ance of the transformer ratio arm is much greater 
than /, and /,. LyNcH?® has used a similar bridge 
but, being concerned with the effect of stray im- 
pedance across x, applies his oscillator across nfs. 


New Thermometer Bridges 


Figure 10 shows the bridge of Figure 9 with the 
distributed capacitance of the screened coaxial leads 
represented by lumped capacitance. Practical values 
are given for 100 ft cables. The series impedance 
of the lead is | part in 200,000 of the shunt capaci- 
tance so that C,C;C; and C, can all be regarded 
as shunting ‘nt’ and similarly the C,Cj;C; and C, 
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Figure 12. Compensated bridge type 1— 
one remote thermometer 
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Figure 13. Compensated bridge type 2— 
two remote thermometers 
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shunting ‘t’. These shunt capacitances have negli- 
zible effect on the transformer ratio ‘ n’ as they are 
high in impedance relative to the leakage impedance 
of the transformer. Figure 11(a) shows a practical 
form for the bridge which eliminates C,C;C, and 
C4, leaving the equivalent circuit of Figure 11(b). 
it should be noted that part of the simplicity of this 
bridge is due to the use of the dual-element thermo- 
meter which avoids many of the problems associated 
with lead resistance because there is negligible 
voltage drop in the short link between R, (or x) 
and R, (or y). 


StnGH? has followed Willm in arranging two 
thermometers in one bridge so that the ratio deter- 
mined at balance indicates temperature rise between 














nt > 


e . 7 
Detector J 














T3 





vs a4 


Figure 14. Direct bridge type 1— 
two remote thermometers 
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Figure 15. Direct bridge type 2— 
two remote thermometers 
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Figure 16. Direct bridge type 3— 
two remote thermometers 


the two measuring stations. This requires the use 
of two thermometers with identical calibration 
within +1 millidegree, by selection from large 
batches? of thermometers. This can be avoided if 
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Figure 17. Direct bridge type 1—three dual 
or six single thermometers 

















the individual temperatures at the two points are 
obtained from separate readings and then by refer- 
ence to individual thermometer calibrations. 


Where circumstance, or personal preference, 
debars the use of a twin-element thermometer, 
Figures 12-16 show methods of dealing with lead 
resistance: in a.c. bridges. In Figures 1/2 and /3 
the auxiliary transformers 7, and 7, inject voltages 
into the mt and ¢ arms equal to the lead volt drops 
in the thermometer arms. In all the transformer 
a.c. bridges three conditions must be observed, and 
may be visualized by reference to Figure /2: (/) the 
ratio-arm shunt impedance must be high so that 
the current to excite it produces negligible volt drop 
in the transformer 7, and the connecting leads; 
(2) the detector must have sufficient voltage sen- 
sitivity to indicate unbalance to the required accur- 
acy; (3) the detector current to indicate unbalance 
must cause negligible volt drop in 7, and the con- 
necting leads. 


Instead of compensating the lead volt drop it may 
be avoided as indicated in Figures /4, 1/5 and /6. 
In these bridges no current carrying wire enters the 
voltage balance circuits. The auxiliary transformers 
must have high shunt impedance relative to the 
thermometers. 


Finally, Figure 17 shows a multiple bridge circuit 
which might be used for averaging a number ol 
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temperatures. In all the circuits of Figures 12-17 
practical applications would require a quadrature 
balancing circuit which has not been considered 
here. 


The Transformer Ratio Arm 


It is assumed above that the ratio arm can be 
produced with 10° taps across the supply—or at 
least in steps of 1 part in 10° across the central 
third of the ratio arm. In the method described 
by PucKLE”! one decade of steps would be used first 





Figure 18. Improved 


version of type 2 
thermometer 





directly and then via transformers of 10 to 1, 100 
to 1, 1000 to 1, efc., adding in the other decades 
of values. The ratio of such a device can be pro- 
duced with an error of 1 part in 10° of supply 
voltage. 


Future Development 


No apology is made for presenting in this account 
an unfinished study. It is hoped that others will be 
inspired to conduct parallel work. In attempting to 
produce a thermometer with a time-stable calibra- 
tion much time has to pass before each modification 
can be assessed. It is believed now that too small a 
copper mandrel was used, making a good winding, 
with no excessive amount of Araldite, difficult to 
achieve. An improved version of the Type 2 therm- 
ometer is shown in Figure 18 and is now being 
investigated. 


The transformer ratio-arm bridges deserve greater 
attention from instrument manufacturers who, with 
notable exceptions, do not seem to have grasped the 
potentialities of precision combined with rugged- 
ness and the rejection of unwanted components in 
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the measurement, nor of the wide range of applica- 
tions possible, ranging over all values of resistance, 
capacitance and inductance from 50 hertz to 100 
megahertz and with accuracy acceptable for 
measurements on primary electrical standards. 


The authors acknowledge the work of Messrs 
Raeside, Ralston, Harrison and Miss Kent, either in 
construction or testing, and the permission of the 
Director, National Engineering Laboratory, DSIR, 
to publish this article. The apparatus is the subject 
of British Patent Application 1642/60. 
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CONTINUOUS CULTURE PROCESS 


Applied to the Pharmaceutical Fermentation Industry 


M. LUMB and G. D. WILKIN 


Research Department, Boots Pure Drug Co. Ltd, Nottingham 


In the pharmaceutical fermentation industry, whilst considerable interest is 

being shown in continuous culture methods their present state of development 

is not sufficiently advanced to suggest that such techniques will be widely adopted 

in the near future. The difficulties to be overcome and the known advances in 

this method are described and considerations to be taken into account in the 

appraisal of possible apparatus are discussed. This is the third article in the 
Biochemical Engineering series 


THE study of continuous culture processes for the 
cultivation of micro-organisms is one which is 
receiving increasing attention in both academic and 
industrial centres. The applications of this type of 
process for a variety of purposes were well illustrated 
in the papers presented at the 1958 symposia!’? in 
Prague and Stockholm and more recently at a 
symposium held in London by the Microbiology 
Group of the Society of Chemical Industry*. The 
papers and discussions of this symposium, which are 
to be published shortly as a Society of Chemical 
Industry Monograph, dealt with theoretical con- 
siderations of continuous culture in papers by 
MALEK, HERBERT and FULD et al., with the manu- 
facture of baker’s yeast using continuous culture by 
OLSEN and SHER, with production of vitamin B,. and 
analogues by RILEY et al., with effluent disposal by 
ABSON and TODHUNTER, WARE, EVANS and KITE, 
and Downinc et al., with beer production by HoUGH 
and with apparatus and practical considerations of 
continuous culture in papers by HEDEN and HOLME, 
SOLomMons, and LumB and WILKIN. 


Classification 


The different forms of ‘continuous culture’ have 
been well defined by HERBERT® who has pointed out 
that these differ from each other as much as they 
differ from batch processes. He suggests a classi- 
fication for continuous culture systems in which such 
fermentations are divided into the two main groups 
of open systems and closed systems, each group 
being subdivided into homogeneous systems, in which 
the composition is uniform throughout, and hetero- 
geneous or mixed systems which are not uniform and 
contain concentration gradients of cells and of sub- 


. 5trates. Each sub-group may again be divided into 


single and multi-stage systems. It is generally con- 
sidered that closed systems, whether homogeneous or 


heterogeneous with 100 per cent cell feed-back are 
less efficient than open systems since they are not 
truly ‘ continuous ’ in the sense that they cannot be 
operated for indefinitely prolonged times due to a 
build up of cells, when factors such as aeration 
become limiting, and this can lead to the whole 
culture becoming moribund. 


In the pharmaceutical fermentation industry on 
the large scale it is highly unlikely that any processes 
are running for very extended periods of time. The 
length of time for which a continuous process can 
continue depends, at this stage of technological pro- 
gress, not so much on the organism as on the equip- 
ment used. Thus in a penicillin process, running 
continuously, not only has the fermentation equip- 
ment to be capable of maintaining sterility for 
indefinite periods but all the ancillary equipment 
such as pH controllers, stirrer glands, valves and 
air filtration apparatus must work perfectly. These 
factors added together make an extremely expensive 
basis for the use of large scale equipment on a 
process desired to run for infinite time. This situa- 
tion therefore resolves itself into a comparison of 
times for which it is possible currently to run a 
continuous process against the times, concentration 
of product and other advantages possessed by batch 
fermentation. 


In the above context therefore interest in industry 
centres around the assessment of a continuous sys- 
tem in its ability to make a product continuously 
and competitively with an established batch process. 
Thus any process will be selected only as a means to 
an end, and this is the manufacture of a particular 
product at a competitive price. The possession of 
very large batch process vessels, if they cannot be 
modified to run continuously, also causes great dif- 
ficulty in taking advantage of continuous processing. 
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Figure 1. Schematic arrangement of a continuous culture system in which the 
product is formed after the logarithmic phase of growth 


The classification by Herbert of different con- 
tinuous culture systems stresses the difference 
between open and closed systems and whilst it is 
of theoretical value, from an industrial and economic 
point of view it is perhaps more germane to break 
them down only to batch and continuous processes. 
Provided material of the right quality appears at the 
end of the process it does not matter if medium 
concentration gradients have occurred or whether 
the organism has not fully enjoyed the benefits of 
homogeneous culture during an early or late phase 
in its growth cycle. This becomes of greater signi- 
ficance under present conditions if it is accepted 
that industry is not yet ready to take full advantage 
of fermentations running for protracted times and 
that also at the present time simpler types of equip- 
ment must perforce be used because of their greater 
reliability. In fact the ideal continuous reactor for 
industrial use would be one with no moving parts 
and the minimum number of valves, such as a tube 
fermenter, although this means acceptance of the 
use of a heterogeneous system. This type of approach 
is particularly valuable where the process is one not 
requiring high power inputs to give adequate 
aeration and agitation. 


Different Processes 


The penicillin process can be cited as a particularly 
difficult fermentation to use in a continuous process 
for two reasons: (/) the mycelium tends to over- 
grow the fermenter sides and valves—this limits the 
time during which it can be processed continuously ; 


(2) high aeration is required to give maximum 
production of penicillin—this therefore rules out 
the use of tube fermenters where the degree of 
aeration which can be obtained is relatively low. 
These fundamental difficulties make this process 
one of considerable complexity purely from an 
engineering aspect, and until these problems can be 
overcome no truly continuous process is possible 
on an economic basis. 


Other fermentation processes fit better into the 
conventional systems covered by the classification 
of Herbert. 


Thus the production of bacitracin in a single stage 
open homogeneous system is relatively simpler than 
the penicillin process. Bacitracin is formed during 
the growth phase of a strain of B. subtilis and the 
product appears at its maximum during the late 
growth stage in a batch fermentation. Therefore in 
a single continuous reactor with suitable metering 
of input medium it is possible to keep the cells at 
this late growth stage and to obtain high output of 
bacitracin. In order to obtain maximum yields a 
holding time of about 48 hours is required in a 
single reactor using a complex medium. 


The streptomycin fermentation also can be fitted 
into a scheme using a two stage open homogeneous 
process where growth occurs in the first reactor and 
the main product is formed in the second. Using 
this type of system SikyTa, Doskocit and Kas- 
PAROVA‘ have reported streptomycin yields of 2,000 
-2,500 u/ml, with running times of 300-400 h. 
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Vitamin B,, has been reported by RILEy et al.° 
t» be produced in a dual reactor system. In this 
case a precursor of vitamin B,, is formed in the first 
reactor under low aeration conditions—presumably 
2 tube fermenter could be substituted in this stage. 
In the second reactor, benziminazole, the specific 
precursor to give B,, under aerobic conditions, is 
added and B, is synthesized in high yield. It is of 
interest to note that this is not the only possible 
process to produce B,, in high yield. Thus a patent 
is held by Prizer® which enables other factors to be 
converted chemically to B,. after the fermentation 
process by the use of cyanide in the extraction stages 
but the process of Riley et al. is of great interest in 
promoting the formation of vitamin B,, from known 
factors by the use of wholly biological methods. 


Economics of Continuous 
Culture Processes 


In any continuous process used in the pharmaceutical 
fermentation industry the fundamental economics 
rely on a balance between the cost of equipment 
necessary to run the process continuously and 
efficiently, the cost of raw material and the potential 
return of the product. Improvements such as con- 
tinuous sterilization and continuous extraction must 
of course be fitted into this picture. In some batch 
processes it is already proving of economic advant- 
age to run the extraction process continuously 
because of the reduction in size of equipment which 
is possible by this means. 


In some cheap products it is necessary to have a 
very high output to ensure an adequate return. 
Often in such cases the cost of transport of raw 
materials can be prohibitive and it therefore becomes 
necessary to process them in their place of origin. 
The use of molasses to produce food yeast in 
Jamaica is an example of this type of economic 
need’. In the same way in the pharmaceutical 
industry the use of various complex medium ingredi- 
ents is often localized to a particular region—for 
example the use of milk products in penicillin 
fermentation in Australia. This economic necessity 
to use available ingredients might well lead to a 
different approach to continuous culture in one 
country compared with another. Factors such as 
this make it very difficult to generalize in terms of 
continuous versus batch processes and it may often 
he necessary for workers in industry to design 
processes which are suitable for their own particular 
economic requirements. In the same way because 
of the various levels of contamination hazard which 
may be encountered in different processes the design 
cf equipment will vary considerably dependent 
cn which process is being considered. Thus the 


equipment for a continuous penicillin process will of 
necessity require to be more complex and expensive 
than that required for the production of yeast cells 
where contamination is not regarded as being so 
disastrous to the product. 


The Penicillin Process 


In our own laboratories work has been carried out 
on the penicillin process, not because it was regarded 
as being of great economic advantage when com- 
pared with a batch process but rather that the 
difficulties inherent in the process would show up 
the faults and requirements of adequate continuous 
fermentation equipment using an open homogeneous 
system. There is a good basis of theory which can 
be used to predict the performance of bacteria 
growing in single stage reactors of the open type 
and in the first stage therefore this was used as a 
basis for checking the efficiency of the equipment 
by growing Aerobacter aerogenes. This was later 
extended to the use of dual reactors where the 
organism was maintained in logarithmic growth in 
the first and at the stationary phase in the second 
stage by means of suitable metering pumps over 
periods of about 340 hours. 


When the metering equipment was working 
satisfactorily to grow bacterial cells it was then 
transferred to the problem of continuous culture 
using a filamentous micro-organism. Here Peni- 
cillium chrysogenum was used with the aim of 
obtaining information on which to base the design 
of new and more useful equipment. The major 
drawback to the use of small (8-1) vessels lay in the 
inability to meter, with peristaltic pumps, whole 
brew containing a filamentous organism at rates 
lower than 200 ml/h. This rate set the maximum 
holding time in a second reactor at 20 h using a 4-1 
brew charge. When this holding time was employed 
the level of penicillin production per unit volume 
was substantially less than was possible in a con- 
ventional batch fermentation in the same vessels. 
This finding underlines a basic concept in the 
approach to the use of a filamentous micro-organism 
in a continuous process where the product is-‘made 
in the static growth phase; this is that the holding 
time for maximum yield may be much longer than 
those normally encountered in yeast or bacterial 
fermentations where cells are the product and may 
be such as to render the process uneconomic. It 
thus follows that an investigation is necessary to 
determine such holding times and to examine the 
yield on an economic basis. It is also necessary to 
take into account the stability of the product both 
during the fermentation and extraction processes and 
this is certainly the case with a product such as 
penicillin. 
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In order to determine the necessary holding time 
it has therefore been necessary to use equipment 
which takes account of the minimum rate of accur- 
ate metering, when using an organism of the Peni- 
cillium type. For this reason experimental equip- 
ment in current use has a 50 1. vessel in the reactor 
chain in order to make possible holding times up to 
250 h at the minimum effective pumping rate of 
200 ml/h. 


Steroid Production and Conversion 


Whilst continuous processes have been considered 
when applied to antibiotic fermentations the field 
of steroid production and conversion is one which 
is also receiving attention in a number of centres. 
Fundamentally however the same problems apply, 
dependent upon the type of organism and whether 
the desired product is formed in the growth or 
static phases. 


Conclusion 


It has been argued that a continuous process can 
always provide cheaper product because of the 
greater theoretical productivity of such a method 
in terms of volume throughput and the avoidance 
of the turn-round times necessary in a batch process. 
This is undoubtedly true when discussing the pro- 
duction of cell material as in a baker’s yeast process. 


However in dealing with the production of 
pharmaceuticals other considerations must also be 
taken into account. Thus a streptomycin fermenta- 
tion can become more economic than a penicillin 
process with equivalent weight yield of product 
because of the different extraction procedures 
involved. In the case of streptomycin, other con- 
siderations being equal, it is not essential to obtain 
equivalent absolute potencies when compared with 
the batch process, as the brew or brew filtrate can 
be treated on resin columns and the concentration 
of streptomycin makes little difference within fairly 
wide limits. On the other hand in a penicillin 
process if the titre level obtained using continuous 
methods is only 50 per cent of that obtained in a 
batch process then the amount of solvent required 
to extract the same weight of penicillin is doubled 
and the solvent losses are consequently increased. 
If holding times are extended to obtain the maximum 
yield, then the profitability draws nearer to that of 
a batch process. 
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It can thus be seen that there are many border- 
line cases where a very careful appraisal is necessaiy 
to weigh the apparent advantages of continuous 
processes. In this field it is extremely difficult to 
prove a case for the capital expenditure necessary 
to furnish suitable equipment to carry out success- 
fully a continuous process. It is certainly true that 
any continuous process must be potentially suffi- 
ciently profitable not only to replace a batch process 
but also to cover the capital cost of new equipment, 
including replacement of many of the present day 
batch fermenters which are too large and not 
mechanically capable of running for long periods 
of time on continuous processes. 


For this reason it is considered that the field in 
the pharmaceutical industry in which continuous 
fermentation will eventually be adopted lies in new 
processes which, during their development, show 
themselves to be amenable to these techniques. 
Thus when equipment is being supplied to produce 
a product of this type it will be necessary for the 
company concerned to be sufficiently far sighted to 
decide at the outset that this product will be made 
by a continuous process in the face of the possibility 
of using existing batch process equipment. At the 
present stage of development of continuous fer- 
mentation it would be a very brave engineer or 
microbiologist who would commit himself as 
deeply as this. However as long as large batch 
processing vessels continue to be installed the con- 
verts to continuous fermentation will have on their 
hands an interesting but undoubtedly uphill 
struggle. 
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The compound silicon nitride can be prepared as a duplex ceramic body in which hard 
particles of full theoretical density are bonded by a felted mass of interpenetrating whisker 
in growth. The nature and proportion of the felted phase can be varied to give final bulk 
densities of between 1-7 and 2-7 g/c.c. corresponding to approximately 50 per cent and 15 


us per cent porosity respectively. The transverse rupture strength of the material so formed 

ew varies between 5 and 13 tons/in.* at temperatures up to at least 1200°C according to density, 

yw which also governs creep strength and hardness, but creep properties may be increased by 

es incorporating a fine dispersion of silicon carbide throughout the felted phase. Its coefficient 

: of thermal expansion is 2-5 x 10~®/°C and its elastic modulus is 4000 tons/in.*. It has excellent 

Ice oxidation resistance at temperatures up to 1600°C and is dimensionally stable, even after 

he prolonged exposure to these temperature levels. It has unique thermal shock resistance 

to relative to other ceramics, and it can be produced simply and cheaply in a wide variety of 

de shapes and forms to very close tolerances. 

ity ; - 

he GENERALLY Speaking, engineers reserve the use of _ tolerances, from non-strategic elements. A prelimin- 

or- ceramics to applications where metals do not possess ary survey of existing ceramics indicated that none 

or the required degree of strength, oxidation resistance could fulfil this exacting specification. 

as and stability at high working temperatures, or where Since the main object of the original investigation 

ch high electrical resistivity is essential. Even then, was to provide a gas turbine nozzle guide vane 

n- ceramic components are usually employed with material for operation at 1200°C, it was considered 

eir caution because they are brittle and*expensive to that thermal shock resistance should provide one of 

Lill produce to fine tolerances. However, recent years the prime requirements of the investigation. The 
have shown a persistent increase in the use of very unique performance of silica in this respect amongst 
high temperatures in engineering design, particularly ceramic materials, primarily because of its low 
in gas turbines, rockets, electronic devices and in coefficient of thermal expansion, directed attention 

ure many new production processes, and a stage hasnow towards other compounds of silicon, and in particu- 

rs been reached where substantial improvement in  |ar to silicon nitride, which corresponds to the 

: high temperature alloy development for working chemical compound Si,N,. This compound is well- 

nd temperatures in excess of 1000°C seems unlikely. known, but only its chemical state had previously 

in- Over the past decade, some hope has been enter- been studied in detail. It was therefore decided to 
tained that mixtures of metals and ceramics, termed explore the possibility of producing it in a form 

m6 ‘cermets °, would provide a new range of materials suitable for engineering purposes, and to examine its 

on to extend working temperature levels up to at least _ properties in the light of the foregoing requirements 

uc 1200°C. co 8 8 sas 

m- The Nitriding of Silicon 








Such mixtures have not fulfilled earlier hopes and 
so recourse has been made to a more intensive study 
of certain ceramics for this purpose. The criteria for 
such a material were that it should have good 
thermal shock resistance, should be stable and 
resist oxidation at high temperatures, and should 
possess good all-round mechanical properties, both 
at room and elevated temperatures. Further, the 
material should, if possible, have low density, possess 
high electrical resistivity and should be simply and 
cheaply prepared as engineering components to close 
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When molten silicon is reacted with nitrogen it is 
found that the formation of a dense skin of Si,N, 
confines the reaction to surface layers. If, however, 
fine solid silicon powder is used, it has been found 
that the enormously increased surface area permits 
nitriding to be taken further, and in the process, at 
temperatures under the melting point, a mechanical 
bond is formed between adjacent particles. The 
investigation was therefore centred around means 
for examining and improving this bond. 
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Figure |. 
whiskers from the surface of a large particle of 


The development of fine silicon nitride 


silicon. (* 200) 

Microscopical examination of partly and fully 
reacted material indicated that the mechanical bond 
arose from an interpenetration of extremely fine 
whiskers which developed from the surfaces of the 
silicon particles during the solid state reaction. An 
example of the development of such whiskers from 
the surface of a single particle of silicon may be seen 
from Figure ]. The presence of these whiskers may 
also be seen from Figure 2 which is a photograph of 
the fracture surface of bonded silicon nitride which 
has been forcibly torn apart. 

It was considered at this stage that the individual 
free spaces inside a powder compact, into which 
whiskers could grow, would be of considerable 
importance in governing the final strength of the felt- 
like bond. Whisker formation was found to com- 
mence at 1050°C and the rate of growth to be 
temperature dependent. The employment of 
progressively higher reaction temperatures, to 
increase the rate of reaction, was restricted by the 
melting point of silicon, i.e. 1413°C at which 
temperature the powder compact would fall into a 
molten pool and the reaction would be self-stifled. 
The maximum practical solid state reaction tempera- 
ture was considered to be 1350 C, but even at this 
temperature the nitriding reaction was found to 
become progressively slower, although an extremely 
strong mechanical bond could be formed after about 
sixteen hours. After this time at this temperature it 
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was observed, using metallographical techniques 
that about one-third of each silicon particle had beer 
converted into a diffused felted structure which now 
occupied the original free spaces. This may be seen 
from Figure 3 which shows a partly reacted particle 
of free silicon surrounded by a diffused mass of 
whisker growth. The identification of these separate 
phases and their relative hardnesses may be readily 
seen from the micro hardness impressions. It was 
discovered that after a certain stage in the develop- 
ment of the diffused matte of interpenetrating 
whisker growth, individual particles of still unreacted 
silicon could be retained in position in the liquid 
state if the temperature was now raised above its 
melting point. By adopting this procedure it was 
possible to nitride fully the remaining free silicon in 





Figure 2. 
bonded silicon nitride showing the nature of the 


Photograph of the fracture surface of 


felted whisker growth®. (« 1000) 

position, in a further comparatively short time, /.e. 
four hours. If this molten state reaction is halted at an 
intermediate stage, and the product examined micro- 
scopically, it may be seen from Figure 4 that final 
reaction occurs by the formation of free growing 
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crystals of Si,N, which appear to be nucleated from 
he whisker interface and grow inwards until conver- 
sion is complete. The way in which nitrogen is 
ransported from the atmosphere to the individual 


nitride particles of full theoretical density. The final 
structure of high density material (2-6 g/c.c.) produced 
in this way can be seen in Figure 5, which also 
includes relative micro hardness impressions. Fuller 





Figure 3. Photomicrograph of a partially reacted 

silicon powder compact. The remains of a hard 

particle of silicon can be seen embedded in a 

diffused felt of silicon nitride. Relative microhard- 

ness impressions help identification of the different 
phases. (* 500) 


particles is not clearly understood, and possibly 
functions as a substitution process, aided by diffu- 
sion. The micro hardness impressions given in 
Figure 4 indicate that the phase produced by the 
molten reaction process is similar in hardness to that 
of the original silicon. 


The texture of silicon nitride is therefore influenced 
by the original degree of compaction of the silicon 
powder and the reaction sintering schedule. Pro- 
longed solid state reaction sintering just below the 
melung point of silicon finally results in a structure 
consisting of a hard interconnecting skeleton of 
silicon nitride produced by diffusion and coalescence 
of the interpenetrating whiskers, whereas a two- 
Stage process such as that described above, results 
in a felt-like structure of interpenetrating and 
partially bonded whiskers studded with silicon 


« 


Figure 4. Photomicrograph showing the conversion 

of unreacted silicon in the form shown in Figure 3, 

to dense silicon nitride by employing reaction 

temperatures above the melting point of silicon. 

The hardness of the islands of silicon nitride 

produced in this way is similar to that of silicon 
(x 500) 


details of the nitriding procedure, and of the equip- 
ment which has been developed for production and 
evaluation, is described elsewhere!?”*. 


Preliminary mechanical tests on material formed 
in this way gave considerable promise in terms of 
thermal shock resistance, stability, oxidation resist- 
ance and transverse rupture strength. Simple 
thermal shock tests were carried out by quenching 
simple shapes from 1200°C into water, without 
fracture, and this procedure could be repeated 
continually without instance of failure. 

Having established the basic phenomena respons- 
ible for the simultaneous conversion of silicon to its 
nitride and the production of a strong mechanical 
bond, it was decided to develop and evaluate a 
suitable technology and to study application 
requirements. 
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Production of Shapes 


It was necessary in the first place to produce a 
large number of test specimens under the various 
nitriding schedules, and to examine their respective 
mechanical properties. Later, a number of specific 
components for field trials were prepared, and 
finally pilot plant was developed for producing the 
material in quantity by the most economical means. 


The first requirement was to produce compacts of 
silicon powder with varying degrees of porosity. 
Variations to the slip-casting technique gave a fairly 
strong reaction sintered body, but it was not found 
possible to exceed a density of 1-9 g/c.c. in the end- 
product. Higher densities were achieved by employ- 
ing graded particle sizes, and by compacting them 
under a range of pressures. As a result of the hard 
and angular nature of the silicon particles, it was 
necessary to apply the pressure as evenly as possible 
over the entire surface of the powder so as to achieve 
even density in the final product. The employment 
of steel dies for this purpose limited the pressing 
pressure in all but thin sections to 2 tons/in.?, and 
so the isostatic pressing technique was adopted 
wherever possible. This method involves the sealing 
of powder of graded particle size, in a rubber sac, 
which is then immersed in fluid (oil or water) 
contained in a strong cylinder, and then subjected to 
hydraulic pressure. A powder compact produced in 
this way has fair green strength and can be removed 
from the rubber sac to be handled as a solid lump. 
So far, compacts of 5 in. in diameter and 6 in. long 
have been produced in this way, and equipment for 
producing similar diameters in lengths up to 12 in. 
is under construction. The design of isostatic press- 
ing equipment will not be dealt with in detail here, 
but a convenient method employs a thick walled 
cylinder with suitable end-closures connected to a 
pressure intensifier and pump. In full scale produc- 
tion it is an obvious advantage to have a quick 
acting facility, with adequate furnace capacity. 

Powder compacts produced in this way are then 
placed in a furnace chamber equipped for evacuation 
down to 0:1 mm Hg and the occluded and adsorbed 
air and moisture is removed by out-gassing under 
reduced pressure and nitrogen purging as the 
temperature of the furnace is slowly raised to 400°C. 
A flow of purified nitrogen is then admitted to the 
furnace chamber and the temperature slowly raised 
to the particular reaction sintering temperatures 
chosen. 


Where it is desired to proceed direct from the 
powder compact to the final product, suitable 
temperatures and times for compacts produced by 
slip casting or under low pressing pressures, are 
sixteen hours at 1350°C followed by four hours at 
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1450°C. Where very high isostatic pressing pressures 
(16 tons/in.”) are employed, with the corresponding 
smaller pore size that is produced, the reaction 
sintering schedule is more prolonged and thirty-two 
hours at 1350°C followed by sixteen hours at 1450°¢ 
may be required for thicknesses of the order of 
2 in. The above times, at temperature, are for 
commercial silicon powder containing 2 per cent 
impurity, the bulk of which is Fe, Al and Ca. Longer 
periods are required for high purity silicon powder. 


One of the most remarkable features of this 
material lies in the fact that dimensional changes 
observed between the partially fired and fully fired 
condition are extremely small and there is no 
distortion. This is a valuable characteristic, since 
the firing schedule may be halted at a stage where 





Figure 5. Photomicrograph of fully nitrided silicon 

nitride. The felted matrix is studded with islands 

of silicon nitride of theoretical density. The 

hardness of the matrix which was produced from 

isostatically pressed silicon powder to give a final 

aggregate density of 2°6 g/c.c. is now approaching 
that of the dense phase. ( S00) 


the material is strong enough to be clamped for 
machining, with the bond insufficiently established 
to resist machining by convenuonal tools. Using 
this principle, it has been found very convenient 
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merely to raise the temperature of the initial reaction 
to 1100°C for two hours and then to remove the 
cooled compact from the furnace for machining. 





Figure 6. Variety of shapes produced by 
isostatic pressing of bulk material, followed 
by biscuit firing, machining and final reacting 
sintering. The nut and bolt on the left hand 
side is in the biscuit fired state and its counter- 
part on the right hand side is fully fired. The 
crucible has been produced by centrifugal slip 
casting. (x4) 


This has been called ‘ biscuit’ firing, and stock 
material produced in this way can be stored and 
machined as required by turning, milling, shaping 
and filing to finished tolerances. The articles so 
produced are then replaced in the furnace, the out- 
gassing procedure repeated, and the nitriding process 
resumed at the higher temperature levels. The final 
product is found to have dimensions to within 
0-1 per cent of the original without any distortion 
whatsoever. Examples of small components made in 
this way are shown in Figure 6. The nut and bolt on 
the left hand side of the picture is in the ‘ biscuit ’ 
fired state, while its counterpart is in the fully fired 
condition. This aspect of the technique can be 
employed to produce a wide variety of shapes to 
close tolerances, with obvious advantages. 


Evaluation and Properties of Silicon Nitride 


Bonded silicon nitride produced by reacting loose 
silicon powder has a density of approximately 
1-5 g/c.c. which corresponds to a porosity of about 
50 per cent. Isostatic pressing of the powder results 
in an increase in density of the final product up to 
2:7 g/c.c. with a corresponding porosity of about 
15 per cent which was achieved by a pressing 
pressure of 16 tons/in.?. The nature of the porosity 
is shown in Figure 7 which is an electron micrograph 


of medium density material. Increase in density is 
reflected favourably in the mechanical properties of 
the material. Transverse rupture tests were used to 
monitor the effect of variations in the nitriding 
process. Tests carried out on a three point beam 
test piece at room temperature and at 1200°C gave 
the results shown in Table J. 


As the original use for this material was envisaged 
as gas turbine nozzle guide vanes, it was also neces- 
sary to examine the creep properties of the material, 
and in order to do so, four point bending creep tests 
were carried out at 1200°C in air. Creep resistance 
was again found to be dependent upon density. 
Primary and transient creep rates for material having 
a density of around 2-1 were disappointing, and so 
attempts were made to improve these by incorporat- 
ing a second hard phase in the structure. Typical 
creep curves are shown in Figure 8 from which it 
may be seen that a dispersion of very fine silicon 
carbide was found to be the most successful in 
quantities of up to 10 per cent. Materials containing 
this dispersed phase were prepared by mixing silicon 


Table 1. Transverse rupture strength of a number of 
samples of silicon nitride of varying density and 
composition 


Transverse | Transverse 











rupture rupture 
Pressing, Bulk strength strength 
pressure| density at1200°C | atroom 
(tons/in.*) temp. 
(tons/in.*) 
16* 2°5 13-0 9-79 
4 2:25 7:12 6°87 
2 2:10 6°85 5-29 
Silicon 2% 2-10 7:40 6°85 
nitride — a 
l 1:90 4-34 4:87 
Loose 
powder 1-50 0:4 0:4 
Silicon 
nitride Z 2:2 6:97 §-21 
1+ 5% SiC 


* Special isostatic pressing, remainder of pressings carried out in stee! 
dies. 
+ After prolonged first stage nitriding at 1,350 C 


carbide particles finer than 700 mesh with mixed 
particle size silicon powder, before isostatic pressing, 
then proceeding with the normal reaction sintering 
schedule to produce a structure in the final material 
similar to that shown in Figure 9. It was possible to 
produce low density material containing silicon 
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carbide, to have similar creep resistance to high 
density material without additions. 





Figure 7. Electron micrograph of medium density 

silicon nitride showing the porosity of the felted 

phase, which is estimated to be of the order of 
50-100 Angstroms. (* 50,000) 


The one property which makes silicon nitride 
prepared in this way unique compared with other 
ceramics, is its ability to resist thermal shock. 
Normally, a high figure of merit for thermal shock 
resistance calls for a low coefficient of thermal 
expansion, a low elastic modulus, high strength and 
good thermal conductivity. Such a figure is, how- 
ever, arbitrary and sensitive to geometrical shape and 
size, and the ultimate test is the resistance to with- 
stand the sharp thermal gradients found in practice. 
Employing the fluidized bed technique developed by 
the National Gas Turbine Establishment, in which a 
tapered disc specimen is repeatedly transferred from 
a furnace at 1020°C to a cold zircon sand bed, 
silicon nitride proved to be much superior to other 
ceramics, which normally fail during one such cycle. 
Under certain circumstances it was possible to 
obtain as many as 70 to 80 cycles from medium 
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density test specimens. Undoubtedly, the felted 
structure of silicon nitride is of significance in its 
resistance to thermal shock, possibly due to its 
ability to redistribute strain in low density felted 
areas, or to accommodate a number of small, 
isolated, relatively harmless and non-propagating 
micro-fissures. The application of surface glazes 
with carefully selected coefficients of thermal! 
expansion can also contribute to thermal shock 
resistance. 


Prolonged exposure of silicon nitride to tempera- 
tures up to 1600°C in air showed that it had no 
tendency whatsoever to oxidation, decomposition or 
dimensional instability. It was found that sublima- 
tion began at 1900°C and at slightly lower tempera- 
ture under reduced pressure. Other properties of this 
material which have so far been investigated are 
given in Table 2, but some of these may be influenced 
by employing silicon powder with varying degrees of 
purity, or by deliberate addition of other elements 
during production, or by modifying the physical 
constitution and texture during the reaction sintering 
process. Control of the a or f form of silicon nitride 
is a function of pressing pressure, reaction sintering 
temperature or subsequent heat treatment, and the 
lower anisotropy of the # form is an advantage in 
certain directions, particularly thermal shock resist- 
ance. 


Where the porosity of silicon nitride is a disadvan- 
tage, or where a highly polished surface is required, 
it is possible to use a variety of surface glazes. As an 
example, one which has been found to be successful 
for very high temperature application employs the 
eutectic composition of SiO, and AI,O,, but for 
lower temperatures it may be more desirable to use 
one of the special devitrified silicate glasses with a 
carefully matched coefficient of thermal expansion. 


Application and Commercial Production 


Field trials carried out concurrently with the above 
investigation have indicated that earlier hopes for 
the application of this new material to high tempera- 
ture engineering practice were fully justified. Silicon 
nitride gas turbine blades, which have been incor- 
porated in standard designs, have successfully 
undergone preliminary trials at temperatures up to 
750°C for periods of 250 hours. Such applications 
must take full account of the brittleness of this 
material by avoidance of mechanical shock loading 
high stress concentrations, and local restraint 
imposed by inhomogeneous thermal expansion of 
the whole assembly. 


The stress behaviour of brittle materials has bee 
summarized in a recent article by SHAND* and so wil 
not be dealt with in great detail here. The inabilit) 
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of brittle ceramics to redistribute high local stress 
concentrations by yielding, means that strains must 
e.ther be supported elastically, or absorbed by ductile 
mating components. This inability to deform 
plastically can, however, be an advantage in other 
cirections. For instance, undesirable residual 
surface tensile stresses induced by mechanical work 
during production will not exist on the silicon 
nitride as a result of the nature of its manufacture. 
Lack of ductility may also be an advantage in the 
case of cyclic, thermal or mechanical fatigue, as 
there will not be the accumulation of plastic defor- 
mation, particularly at notches, which normally 
occurs in the fatigue failure of ductile materials. 


Design Criteria 


In the case of high temperature engineering applica- 
tions such as that described above for gas turbines, a 
more realistic approach would be the complete 
re-design of the engineering assembly to take the 
properties of the ceramic fully into account from the 
beginning, rather than to replace metallic compon- 
ents by ceramic counterparts in an existing design. 
It may, for instance, be necessary to employ more 
robust sections, with a sacrifice of space (but possibly 
not weight due to the low density of silicon nitride), 
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and it may be necessary to provide certain precau- 
tions against the possibility of hard particles striking 
the brittle components. Some points to be observed 
in the design of silicon nitride components and 
structures are: 

(1) Sections and surface contours should follow 
ideal engineering practice and be such as to minimize 
high stress concentrations under working loads. As 
an example, generous radii should be used in sharp 
corners and sudden changes in section should be 
avoided where possible. 

(2) When used in conjunction with metal com- 
ponents, these should provide a certain degree of 
local plastic or elastic deformation. 

(3) The difference in coefficient of thermal expan- 
sion between the ceramic and associated metal 
component should be realized and adequately 
provided for. 


As a result of its low coefficient of thermal expan- 
sion, it may in some cases be necessary to use silicon 
nitride, or silica fixing components in place of 
metals, final connection being made to the metal 
members only in the lower temperature areas. Under 
certain circumstances it may be possible deliberately 
to control the temperature of the associated metal 
housing in order to match total expansion to that of 


Table 2._ Summary of physical, chemical and mechanical properties of silicon nitride 
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| Chemical Si.N Thermal Coefficient of thermal expansion 2:5 x 10-* 
formula = properties per °C. Thermal conductivity 0-067 cgs. 
— : units at room temperature. Temperature 
| Appearance | Light and dark grey porous body of sublimation 1,900°C 
| Structure Hexagonal, lattice constants : Electrical Electrical resistivity (dependent on purity) 
properties at room temperature (dry): 1:4 = 10’ ohm 
Alpha form Beta form cm. A completely nitrided material, 
oe tested at elevated temperature (by workers 
at the British Ceramic Research Associa- 
a 7°748-+-0°001 7:608 + 0 001 tion) :— 
rai a <. apet ea Temperature °C \Room | 400; 700 ; 1,050 
c 5°17 +0°001 2-910+0-0005 —— _ 
of Resistivity 
ee a ee en . 13 il 8 Md 
Theoretical ohm-cm /- 10" 10 10 | 
density 3°184 gjc.c. | 3°187 g/c.c. Dielectric 
ES a i a ‘onstant 9-4 
Apparent - Can be varied between the limits 1-5 to ig ; 1 - 
densities | 2:7 g/c.c.(and possibly higher) by changes | | fant — = Pree tees et Oe 
in the method of pressing the silicon com- 
pact. This corresponds to a porosity of 
50 to 15 per cent or lower Corrosion Resistant indefinitely to atmospheric oxi- 
——$——_ ies resistance | dation at temperatures up to at least 


Young’s Modulus for material of density 

2-2 g/c.c., typical value is 4,000 tons/in.* 

at room temperature and about the same 

at 1,000°C 

Compressive strength: 35 tons/in.* 
(approx.) 

1,100 VPN 


Mechanical 
properties 


Hardness: 


1600°C. It is not wetted by any of the 
common metals, or attacked by gases 
containing sulphur and chlorine. It is 


more resistant than silica to hydrofluoric 
acid, but is attacked by KOH at 400°C and 
V,O, and Na,SO, at 1000°C 
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the hotter silicon nitride component. The good 
thermal shock resistance of silicon nitride, and its 
relatively poor thermal conductivity would accom- 
modate the steep temperature gradients between 


in 


ZB in 


| Test piece 





Creep deflection at mid point 


0 


(1) Silicon nitride (density 2-1 g c.c. 

(2) Silicon nitride containing 5 per cent of 400 mesh 
silicon carbide (density 2-1 g c.c.) 

(3) Silicon nitride (density) 2 5 g c.c. 

(4) Silicon nitride containing 5 per c2nt silicon carbide 
with a particle size finer than 400 mesh 
(density 2°! g c.c. 

(5) Silicon nitride containing 5 per cent silicon carbide 
(density 2-5 g'c.c.) 


Figure 8. The creep properties of silicon nitride 

with varying density and silicon carbide additions. 

The results obtained are the deflections of a four 

point loaded beam under a surface tensile stress 
of 14 tons/in.* at 1200°C. 


working and securing faces in such a construction. If 
this course is not permissible, it has been found to be 
satisfactory in certain cases to overcome difficulties 
associated with unmatched thermal expansion by 
permitting silicon nitride components to float in 
metal housings when cool, and to take up their 
precise position against metal backing plates when 
under working load. Springs can be employed to 
hold the component lightly against its backing plate 
until the working load holds it firmly in position. In 
other cases it has been found to be an advantage to 
provide a small degree of sacrificial crushing surface 
of the metal component by provision of surface ser- 
rations. A more positive arrangement is to provide 
local bonding of ductile shoulders to the silicon 
nitride in bearing areas. This can be achieved by 
metal spraying or plating. 

Invalidation of such precautions made during 
design, will arise during service if deposits are 
allowed to accumulate in the clearances provided. In 
such cases it would be necessary to provide shielding 
over stagnant crevices. Attention must also be given 


to the possibility of silicon nitride components 
becoming loose as a result of the greater coefficient 
of thermal expansion of metallic securing arrange- 
ments. This may perhaps be overcome by employing 
silicon nitride fixing screws. 


As a result of its flexible and unique properties, 
and ease of manufacture to close tolerances, numer- 
ous applications are now being envisaged for silicon 
nitride, and many are being currently tried. These 
include electrical insulators for high temperature 
application, as in furnace construction, finely 
grooved supports for precision resistors, nozzles for 
burners and gas ducts, crucibles, platforms for 
holding components during a variety of industrial 
operations, high temperature bearing surfaces, 
rocket nozzles, high temperature supports and 





Figure 9. Creep resistant medium density silicon 
nitride (2:1 g/c.c. stiffened by a dispersion of fine 
silicon carbide particles. (* 500) 


spacing pieces for nuclear reactors, radomes, grips 
for testing machines, nonconsumable moulds for 
metal castings, porous sepaiators for chemical 
engineering processes, linings of furnaces and 
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thermo-nuclear toroids and many other such 
applications where the combination of strength, 
stability, oxidation and thermal shock resistance give 
this material a decided advantage over other 
ceramic-like materials. 


Commercial Production 
and Economic Considerations 


As a result of the widening of the application of this 
material, it is necessary to study the technology of 
its production in greater detail. For those applica- 
tions not demanding maximum strength, it is 
possible to dispense with the isostatic method of 
compacting the powder, in favour of slip casting, 
centrifugal slip casting, spray depositing or the 
plastic application of the powder incorporating a 
plasticizer in order to give.the green material a 
dough-like consistency. Any of the above methods, 
if used in conjunction with patterns coated with a 
mould release agent, or alternatively consumable 
patterns which can be burnt, dissolved or melted 
away after the application of the green material, have 
been found to be entirely successful for the produc- 
tion of low density shapes. On the other hand, the 
isostatic technique can be extended with the aid of 
formed rubber sacs, with or without the use of inter- 
nal cores, to produce simple shapes without the need 
for subsequent machining operations. At the other 
end of the scale, production of material in the densest 
and strongest possible form, with finely polished 
surfaces can be achieved by isostatically pressing 
bulk material at pressures of the order of 16 tons/in.?, 
followed by biscuit firing, machining, completion of 
nitriding, and final grinding, or polishing. 

The rapid extension of the potentialities of this 
material have created a great need for its production 
by industry. An Admiralty patent application, 
concerned with certain aspects of the material, is 
being handled by the National Research Develop- 
ment Corporation® to whom reference should be 
made by potential users. Production costs will 
obviously be reflected in the quantities demanded 
by industry. The raw materials for its production are 
comparatively cheap, and costs arise largely from 
plant design, construction and operation. Immediate 
production will undoubtedly be accommodated by 
batch processing, but plans are already in hand for 
continuous production—particularly for the biscuit 
fired stock material. If one equates the cost of 


silicon nitride components to equivalent products in 
other hard refractories such as alumina, which are 
capable of being finished to fine tolerances only by 
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diamond machining, it is believed that the silicon 
nitride article will have considerable advantage. On 
the other hand, however, such components will for a 
time be more expensive than similar articles made 
from high temperature alloys. In this respect, 
however, the increased efficiency to be gained by 
employing a material, which in some circumstances 
will give longer life, as well as enabling higher 
operating temperatures to be used, must be taken 
into account. 


Conclusions 


In conclusion it must be pointed out that application 
of this new material to achieve higher efficiency must 
take care to avoid abuse of its obvious limitations, 
particularly in terms of mechanical brittleness. On 
the other hand, no degree of sympathetic design will 
overcome local weakness in the body of the ceramic 
which may be provided by flaws or inhomogeneity 
arising from sub-standard production. The responsi- 
bility for the production of components in the best 
possible condition is therefore in the hands of the 
Ceramist or Metallurgist, who will benefit by being 
made aware of the precise conditions under which 
the component is expected to perform during its 
service life. By combining enlightened design with 
careful production it should be possible to conduct a 
sufficient number of field trials to permit this material 
to be used with increasing confidence in high 
temperature engineering practice. 

This article is published by permission of the 
Admiralty. The author is indebted to the help given by 
his colleagues at the Admiralty Materials Laboratory 
where the investigation was undertaken, in particular 
to Mr D. M. Rae, Mr G. F. Martin and to Mr E. May 
and to co-workers at the B.S.A. Group Research 
Centre. Acknowledgement is made to Dr P. Pratt for 
permission to publish Figure 2 and to Dr J. Nutting 
for the preparation of the electron micrograph. 
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PROTEIN RESOURCES 
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A general review of the shortage of protein foods and means whereby this can be alleviated. 
It is possible to make better use of the proteins at present available, and also to tap new 


sources. 


The problem is so great that all the possibilities must be actively investigated and 


none ignored because others may appear to be more promising 


OF ALL the food principles that we require proteins 
occupy the outstanding position. Carbohydrates can 
be grown cheaply and relatively easily by the farmer, 
vitamins can be synthesized in the factory, but 
proteins are not easily produced, are already in short 
supply and the shortage is likely to get worse as the 
years go by and the world population increases. 


There is a widely recognized shortage of food. 
Expressed more specifically half the people of the 
world do not get enough calories, meaning food of 
any kind, to satisfy their needs. But more than that, 
there are many eating sufficient calories to satisfy 
their hunger but not getting enough protein for 
proper growth and to maintain health. 


In the Far East and the Near East, in parts of 
Central Africa, of Central America and of South 
America, there is a general shortage of food. Only 
seventeen per cent of the world’s population have 
more than 30 g of animal protein per day, the level 
that we regard as necessary. (The British diet 
contains a total of 84 g of protein, of which 50 g is 
of animal origin.) Twenty-five per cent of the world’s 
population have between 15 and 30 g of animal 
protein daily and 58 per cent have less than 15 g. 


Animal versus Vegetable 


It is possible, as many healthy people demonstrate, 
to live on a vegetarian diet. Moreover, for man to 
eat the food that comes directly from the ground is 
the most efficient way of making use of the limited 
number of cultivable acres at our disposal. Table /] 
(calculated from World Population and World Food 
Supplies by Sir John Russell) shows the relative 
efficiency, in terms both of calories and of proteins, 
of devoting land to various crops, or to animal 
products. Unfortunately for the advocates of 
efficiency, and perhaps, in the long run, unfortu- 
nately for ourselves, most of us prefer to eat foods 
of animal origin, such as meat, milk and eggs. In 
order to produce these we have to feed large num- 
bers of animals who return to us only a smail 
proportion of the food they eat. The animals 
themselves need food for energy and growth, and 


only by-products, such as milk and eggs, or the 
residual carcass, are available to us. Table 2 reveals 
the relative inefficiency of converting animal feed- 
ingstuffs to human foods—less than ten per cent of 
the food of beef cattle is available as beef. 


At a meeting of the Nutrition Society a few years 
ago one speaker pointed out that while this country 
could support half her population with present 
methods of feeding, she could support seventy per 
cent if we all became vegetarians. A renowned 
nutritionist corrected this figure to a hundred per 
cent, because, he said, the remainder would commit 
suicide. 


This opinion expresses the attitude of those who 
have free choice of foods and until we are reduced 
to more drastic remedies we must consider whether 
new sources of protein can be tapped. 

Table I 


(a) Land needed to produce one million calories in one 
year when under various crops 


Sugar Beet 0-14 acres Dairy cows’ 1-0-2°5 acres 
Potatoes 0-15 acres Pigs 1-5 acres 
Cereals 0-34 acres Sheep 1-5—4-0 acres 
Beans 0-37 acres Fowls 3-4 acres 
Grass 0-2-0:5 acres | Beef 3-0-7-5 acres 


(b) Land needed to produce 20 kg of protein in one year 
when under various crops 


Beans 0-1 acres Dairy cows 0-44—-1-1 acres 
Grass 0-1-0-25 acres | Fowls 1-4 acres 
Cereals 0-23 acres Sheep ° 8 1-9 acres 
Potatoes 0-27 acres Pigs 2:2 acres 
Beef 1-0-2:5 acres 


Table 2. Relative efficiency of farm animals as converters 


of calories and protein into human food 


Protein, as 
%, of protein fed 


_ Calorie §, as 
6 of calories fe 2d 


Dairy cows 19 23 
Pigs 18 12 
Fowls 10 32 
Beef cattle 7 10 
Sheep 8 13 


From ‘ World Population and World Food Supplies’ by Sir John 
RUSSELL (Courtesy George Allen & Unwin) 
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There is an additional reason for preferring 
animal protein, which explains why the recom- 
mended protein intakes suggest ‘at least half as 
animal protein’. Proteins vary in their usefulness 
to the body and, in general, animal sources are of 
higher quality than plant proteins. 


There are a number of ways of adding to our 
protein resources. They may be classed as improv- 
ing quality, which is equivalent to increasing 
quantity, upgrading, and exploiting new sources. 
Improving Quality 
Food proteins differ in their nutritive value, depend- 
ing upon how closely they approximate to the body’s 
need. While it is not true to say that cannibalism 
would provide the most efficient protein for the 
human body, because the rate of normal protein 
breakdown of the liver, the kidneys and the ab- 
dominal viscera is much greater than that of the 
muscles, that statement is approximately true in 
that we do require to consume proteins that contain 
the amino acids in the correct proportions needed 
to synthesize human body protein. 





Figure 1. Iheme—near Iringa, Tanganyika— 
equipment used in the preparation of mealie 
meal from maize 


The normal western diet contains more than 
enough protein, at least on the average, for our 
daily needs. It is only when the quantity of protein 
falls near minimum levels that quality becomes a 
matter of importance. When a growing child, or 
an experimental animal, is fed protein at ten per 
cent of the diet, this becomes a limiting factor in 
growth. Under these conditions the amount of 
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dietary protein that stays in the body depends on its 
nutritional value and, when measured under stand- 
ard conditions, is designated the Biological Value. 
The biological value of egg protein is 100 (i.¢., the 





Figure 2. 
Jogjakarta, Java, showing protein extracting 
vessels and filter press 


Interior of soya bean milk factory in 


perfect protein), of meat and fish 75, of bread 50, 
of peas and beans 45. If we need a minimum of 
30 g per day of egg protein, we would need about 
60 g of bread protein. With lower quality we need 
greater quantity. 


The. biological values quoted are for fresh or 
undamaged foodstuffs. It is possible to lower the 
biological value by heat processing and so effectively 
to reduce the quantity available. This is not a 
problem of great moment in human foods as ordin- 
ary domestic and commercial methods of processing 
have little effect on biological value. The cooking of 
fish, the canning of meat, the drying of milk, effect 
what is probably an unimportant amount of damage 
to the proteins. But our animals, in order to produce 
our preferred protein foods, must also be fed 
protein, and it is here that processing damage can 
be, and generally is, important. Fish meal when 
well prepared has a biological value the same as 
fresh fish, i.e., 75, but commercial fish meal samples 
have been examined with biological values reduced 
to 50, and even 30 and 20. Cattle seed cakes, that 
is oil-seeds that have been pressed to prepare oil for 
human consumption can, if improperly treated, 
show considerable reduction of nutritive value 
Here then is one obvious way of making more 
protein available, namely by preventing damage 
This is being actively pursued at the present time 
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Amino Acid Supplementation 


A parallel method is that of adding to the protein 
any deficiency in amino acids. Bread serves as an 
example that has been thoroughly worked out. 
Bread itself has a B.V. of 50, because it has not 
enough of the essential amino acid, lysine, for 
tissue synthesis. If lysine is added to bread the B.V. 
rises to 60, not higher because another amino acid, 
threonine, is now limiting. If threonine is added 
the B.V. rises to 75, when methionine becomes 
limiting. Add this and the B.V. becomes 85. Thus 
it is possible to raise the quality of protein by adding 
amino acids. The two most important are lysine 
and methionine. In most human diets, about seventy 
per cent of those that have been examined, methio- 
nine is the limiting factor. Most animal diets are 
based on cereal where lysine is limiting. Both these 
amino acids are now available on the factory scale. 


The supplementation of proteins with amino acids 
is still in its infancy. There are just now becoming 
available in the United States breads supplemented 
with lysine. Supplements are also available for 
animal feeds but the practice is not yet widespread. 
To exploit it properly for animal feeding it would 
be necessary to feed the valuable and costly protein 
at as low a level as possible consistent with maximum 
growth, and then to supplement with the limiting 
amino acid. At present the tendency is to feed at a 
much higher level as a safety measure, and at these 
levels supplementation has no effect—the animal 
is already receiving enough protein in quantity to 
make up for any deficiency of quality. Economics 
are, of course, the ruling factor. At present it is 
cheaper to add extra protein than extra amino acids, 
but conditions may change. 


Upgrading of Proteins 


Upgrading of proteins means making better use 
of the materials available. Thus proteins at present 
used as fertilizers, such as blood meal, low quality 
fish meal, hair and feathers, could be upgraded for 
animal feed. (Hair and feathers need treating to 
render them digestible.) If enough is known of the 
amino acid make-up and nutritive value of low 
quality proteins then suitable blends can be made 
even from very poor proteins to provide mixtures 
suitable for animal food. At the same time it has 
been shown that ruminants, and perhaps to a small 
extent, non-ruminants, can use limited amounts of 
other nitrogen sources, such as urea and ammonium 
sulphate, for the synthesis of protein. 


While fertilizer grades of protein can be elevated to 
animal food, animal-feed grades can be elevated 
to human food. This approach is now being 
examined on an extensive scale. In their investiga- 
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tions into possible sources of protein for human 
food, the Food and Agriculture Organization are 
examining materials such as fish meal, which is, 
after all, only dried fish, meat meal, cottonseed, 
sesame seed and other seed-cakes. These seeds can 
have a moderately high nutritive value if properly 
prepared. For example the B.V. of cottonseed is 
60, of soya 70 and of sunflower seed 55, and these 
appear to be suitable as food. Here again the 
methods of processing need to be, and are being, 
improved so that foods of higher nutritive value 
result. 


* Synthetic rice ° can be included in this section. 
Rice presents a special problem. To the inhabitants 
of vast areas of the world it is the staple article of 
diet; it has only six per cent protein, although this 
is of good quality (B.V. 60); there is a shortage; 
and, finally tuber crops yield more calories per acre 
than does rice. Cassava, containing only 1-5 per cent 
protein, yields up to ten times as much as rice. 
* Synthetic rice ’ takes advantage of the higher yield 
by using tapioca (cassava starch) as a base with the 
addition of ten per cent groundnut flour (containing 
fifty per cent protein). The tapioca flour is pre- 
gelatinized, mixed with the defatted groundnut, 
dried and roasted. The grain is toughened by the 
addition of one per cent stearic acid, which gives it 
an opalescence and hardness. It can be shaped to 
resemble the rice grain and cooks like rice. Thus 
synthetic rice can make a valuable contribution to 
the diet without changing existing crops and in a 
way to satisfy present social customs. 


If vegetarians will forgive me, the preparation of 
meat substitutes from vegetable proteins can also 
be regarded as upgrading. A number of patents 
have been taken out in recent years for the manu- 
facture of ‘ synthetic meat’ from substances such 
as peanuts and wheat gluten. The raw materials 
are gelatinized and extruded in macaroni-like 
threads, which are then compressed to a block and 
heated. Meat extract or chicken essence can be 
added as a flavour. The products are claimed to be 
‘chewable gels’, which resemble meat in texture 
and flavour, although not in nutritive value. They 
would certainly solve the problem referred to earlier, 
namely the efficiency of eating plant proteins and 
the absence of desire to do so. 


New Sources of Protein 

Our normal range of protein foods is derived either 
from animal products, or crops grown for their 
seed, leaf, stem or root. New sources include any- 


thing outside this range, such as the extraction of 
protein from leaves, the production of yeast, fish 
farming and the production of algal protein. Some 
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Figure 3. Indonesia—rice fields 


of these are not very new but are being freshly 
considered in an attempt to increase our resources. 

The use of leaf protein as human food has long 
been advocated by Mr Pirie, of Rothamsted, and 
has now reached a practicable stage. There are 
available in various parts of the world vast quantities 
of leaves, in the forests and jungles, as weeds and 
grasses, which contain protein. Leaves contain so 
much cellulose that only ruminants can digest 
useful quantities and they are not a source of protein 
for monogastric animals. If the protein is extracted 
from the leaf, then we could have a very large 
addition to our protein resources. 

A major point of Mr Pirie’s thesis is that only 
when the leaf is green and photosynthesizing is it 
making use of sunlight, our ultimate source of energy. 
Much of the time (see, for example, a wheat field), 
when the energy of sunshine is at its maximum, the 
crop is brown and making no use of it. Would it 
not be more reasonable to grow crops that make 
better use of the available energy and to extract their 
protein? 

News has recently been made by the application 
of the impulse-renderer to the liberation of protein 
from plant cells. In this process shock waves burst 


stocked with carp as second crop 


open the cells of seeds and leaves and release the 
protein and oil contained. Equipment of this type, 
or of others that have been applied to this problem, 
could be set up in areas where adequate raw material 
is available. 

Another source of protein, tried out during the 
1940's, is food yeast, Torula utilis. Yeast will grow 
abundantly on waste molasses or sulphite liquors 
from paper pulp manufacture, if an inorganic 
source of nitrogen is provided. The resultant yeast, 
apart from its excellent content of vitamins B,, B, 
and nicotinic acid, consists of protein to the extent 
of 50 per cent of the dry weight. In the wartime 
trials digestive disturbances sometimes followed 
the daily ingestion of more than about half an ounce 
of yeast. The cause of this is not known but there 
is general agreement that half an ounce can be 
consumed without ill-effects. This quantity would 
provide 7 or 8 g of protein and be a valuable ad- 
dition to the diet. 


A drawback to supplements such as yeast and leaf 
protein, and indeed to soya flour and seed meals, is 
their lack of structure. They are powders, that at 
the best can be produced with a bland taste, but 
they are structureless and possess no_ special 
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technological properties such as has wheat protein. 
They can, at present, only be eaten incorporated 
into other goods. This leads to practical difficulties 
that vary with the habits of the country involved. 
Many people object to alterations in flavour, colour 
or texture of the foods they are used to, even if 
these changes accompany improved food value. A 
different approach would be to prepare a new food- 
stuff from these powders to be eaten in its own 
right and not necessarily mixed into other dishes, 
but this requires considerable cookery research and 
has not yet been achieved. 


Chlorella 

One new source of protein that has been much 
talked of, particularly as it is applicable to feeding 
in outer space, is the factory-farming of green algae. 
The organism of choice is the unicellular Chlorella. 
If this is adequately supplied with nutrients, heat 
and illumination, it can produce the equivalent, 
scaled up from the laboratory, of 30-60 tons of 
dry weight of food per acre per year. (It has been 
suggested that if normal farm crops were subjected 
to the same conditions of warmth and nutrients they 
could also approach this level.) 


Chlorella exists in a number of mutant forms; 
one form can produce up to fifty-eight per cent of 
its dry weight as protein, and another can produce 
up to eighty-six per cent fat. It is obviously a very 
versatile and promising source of tailor-made food. 
The Japanese National Institute of Nutrition is 
actively investigating Chlorella as a source of food 
for Japan’s overcrowded population but, as yet, it 
does not appear to be very palatable nor highly 
nutritious. Experiment shows that the objectionable 
green colour and taste can be removed by solvent 
extraction which, at the same time appears to 
improve its digestibility. These problems are ad- 
ditional to those of production and cost. 


In the realms of space-travel Chlorella has the 
virtue, it is hoped, of living in perfect balance with 
man. In theory it would solve the fourfold problem 
of disposal of human excreta, disposal of carbon 
dioxide and production of oxygen, and provision 
of food. 


Fish Farming 

Fish does not make a large contribution to protein 
intake; it provides only 10 per cent of the total 
animal protein eaten. More efficient fishing, 


exploitation of under-fished waters, fertilization of 
the sea and human consumption of fish meal could, 
it is believed, double this figure. 
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Of special interest is fish farming, that is the pro- 
duction of fish in swamps, rice fields, canals and 
irrigation tanks, as distinct from the process of 
blind hunting which is normal commercial fishing 
today. One acre of fresh water planted with fish 
can produce more animal protein than the same 
area under pasture. Carp have been grown with 
success, and another fish of unusual interest is 
Tilapia. This is called by the farmers of Thailand 
“the mad fish of the Orient "—it eats like mad, 
grows like mad and reproduces like mad. Tilapia 
are mouth-breeders, the eggs, and later the young, 
are protected in the mother’s mouth, so ensuring a 
high standard of reproduction. They will breed in 
fresh, salt or brackish water, running or still; they 
are omnivorous and will flourish on plankton, vege- 
tation, waste from rice, soya, cocoa and oil seed 
cakes. They grow to 130-150 g in 10 months and 
can reach 2 lb in weight. What is more, if more can 
be asked from such a piscatorial cornucopia, when 
Tilapia is grown in flooded rice-fields there is an 
increased yield of rice. For example, in China and 
Malaya increases of ten to fifteen per cent have been 
reported. In terms of yield of food per acre the 
Tilapia is an extra to the normal rice crop. One 
example from Tanganyika showed, in the first 
year, a yield of 1000 kg rice and 110 kg fish from 
one hectare. 


To set against the virtues of the ‘ mad fish of the 
Orient’ are cautionary statements from F.A.O. 
Growth slows down after the early stages and yields 
of other kinds of fish are greater than of Tilapia. 
Other varieties of Tilapia are being investigated. 


Conclusion 


The provision of enough protein food to satisfy the 
present requirements of the world’s population is 
an extremely difficult undertaking. The difficulties 
are multiplied by the increasing numbers to be fed. 
No one solution to the problem would seem to be 
adequate. Quite apart from the, as yet, unanswered 
questions as to the physiological effects of feeding 
strange foods and the social and domestic difficul- 
ties, is the great problem of adequate production. 
It is not conceivable that any one of the remedies 
discussed here could be effected on a sufficiently 
large scale to solve the problem by itself; several 
different remedies will need to be applied. At present 
every avenue must be explored and none ignored 
simply because another seems more promising. 


The photographs 
of F.A.O. 


are reproduced by courtesy 
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MINIATURE ELECTRONIC INSTRUMENTS 
FOR MEDICAL RESEARCH 


D. W. BAKER, D. L. FRANKLIN and R. M. ELLIS 


Department of Physiology and Biophysics, University of Washington School of Medicine, Seattle, Washington 


Transducers swallowed or surgically implanted in laboratory animals must be minaturized 
and made of non-reactive materials to minimize interference with body organs. Small 
transducers have been developed for measuring pressures and dimensions in intact 
animals. Left ventrical diameter is measured with a variable inductance device and sonar. 
Mutual inductance and a variable resistance gauge provide measurements of length and 


circumference of the heart or blood vessels. 
swallowed telemeters pressure measurements. 


A minature pressure capsule that can be 
This is the sixth article in the series on 


Microinstruments. The final article, Instruments for Space Research by Dr R. L. F. Boyd 
will be published next month. 


ALL transducers used in biological environments 
must meet severe and unusual requirements, and 
unique transducers are required to register inform- 
ation during the normal activities of laboratory 
animals. The surgically implanted gauges must 
withstand sterilization and extended exposure to 
corrosive body fluids. The leads attached to the 
gauges not only are subject to similar requirements, 
but in addition must withstand flexure during every 
heartbeat or respiration. If valid measurements are 
to be obtained, the gauges obviously must not 
interfere with normal body function or induce the 
formation of excessive scar tissue. Miniaturization 
and use of biologically inert materials for con- 
struction or for a protective coating are thus 
necessary. 


Several transducers based on the principles of 
variable inductance, variable resistance, mutual 
inductance and sonar have been designed in this 
laboratory to meet these requirements. They have 
been used successfully to measure the dimensions 
of the heart, liver, spleen and blood vessels in 
mammals!*, Miniature transducers with similar 
purposes have also been devised elsewhere*”. 


Variable Inductance Gauge 


A device useful for measurement of small linear 
distances has been made from a solenoid coil with 
a movable core. Any movement of the core causes 
a change in inductance in the coil. Transducers of 
this sort have been used to ascertain the diameter 
of the left ventricle of the dog’s heart (Figure 1). 
The solenoid coil was attached to one wall of the 
ventricle and the movable core to its opposite wall. 


* The instruments described here were developed under grants from 
the National Heart Institute of the U.S. Public Health Service and 
the American Heart Association, and have been used in research 
supported by these organizations and by the Arctic Aeromedical 
Laboratory, U.S. Air Force. 


As the diameter of the chamber changed, the core 
slid in and out of the coil. The coil was connected 
in a sensitive bridge circuit so that small changes of 
inductance might be easily detected and amplified. 
The voltage developed by such a gauge is conveni- 
ently recorded on a direct-writing strip recorder. 


The solenoid coil is wound on a nylon bobbin 
1-5-3-0 cm long, the length depending on the 
anticipated diameter of the heart chamber. A hole 
0-5 mm in diameter down the centre of the bobbin 
is machined to provide a sliding fit for the movable 
steel core. Number 38 AWG copper wire is wound 
on the bobbin with the aid of a jeweller’s lathe to 
form an even coil. When the coil is installed, the 
leads from it are brought out through the chest 
wall for connection to the recording equipment. 
Bench tests have shown this simple, rather small 
transducer to be sufficiently linear over the central 
80 per cent of its length. 


Although this gauge performs quite well, the 
surgical operation to place it in the heart is difficult. 
Much useful data about the length and diameter of 
the cardiac ventricle in the intact unanaesthetized 
dog was derived by means of this instrument®, but it 
has been largely superceded by gauges necessitating 
less complicated surgery. 


Variable Resistance Gauge 


The resistance of a wire depends upon its cross- 
sectional area and its length. A very useful and 
simple transducer can be made by filling a small-bore 
rubber tube with mercury and attaching electrodes 
to each end. The resistance between the electrodes 
is proportional to the length of the mercury column 
within the tube. Gauges of this type have been 
used extensively by VAN Citrers*® to measure the 
circumference and length of blood vessels in the 
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Dimension measurements 


(a) ] 
1 Diameter 


Variable inductance Circumference 





Variable resistance 


Length 
Figure 1. 
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Dimension measurements 
(c) (ee 4 


Sonar 


Diameter 





Aorta diameter 
Mutual inductance 


Diagrams of various techniques used to provide instantaneous and continuous 


records of heart dimensions and representative tracings: (D. BAKER, et al.‘; courtesy Inst. 
Rad. Engrs) 
(a) Changes in diameter vary inductance of coil; electrical change is recorded by means 
of a carrier wave amplifier; 
(b) Electrical resistance of a mercury-filled rubber tube changes when it is stretched. 
When such a tube is attached to the heart wall, circumference or length can be measured; 
(c) Transit time of sound bursts travelling between barium titanate crystals is a measure 
of intervening distance; 
(d) Amount of coupling between two adjacent coils is a measure of distance between them. 


dog and by EAGAN’ to measure changes in the 
volume of the human finger or arm. 


Thin-walled latex tubing* with an inside diameter 
of about 0-2 mm is filled with mercury (Figure 2a). 
The length of the tube is governed by the size of the 
structure to be measured, and gauges of a wide 
variety of initial lengths have yielded satisfactory 
data. The electrodes at each end of the tube are 
short lengths of steel sewing needle, grooved to 
facilitate attachment of them to the rubber tube. A 
small tip of silver solder is formed on the needle 
to ensure a low-resistance connection to the mercury. 
For longitudinal measurements the gauge is con- 
veniently attached by suturing its ends in place; 
for measurements of circumference the tube is 
passed around the heart or a blood vessel, and the 
ends are tied together. 


The method of connecting the gauge in a wheat- 
stone bridge is selected according to the sensitivity 
desired. The resistance of the mercury gauge is 
quite low, usually less than 2 or 3 ohms. In low- 
sensitivity circuits a resistor of approximately 100 
ohms is placed in the arm of the bridge in series 
with the mercury gauge. This arrangement has 
often been used with carrier wave amplifiers which 
provide a bridge excitation of 2400 cycles/s at 
* Rubber tubing (0-35 to 0-5 mm I D) used: latex, Huntington 


Rubber Mills, Portland, Oregon; silicone rubber, Dunlop Special 
Products, Ltd, Birmingham, England. 


4:5 Volts. When high sensitivities are desired the 
gauge is transformer-coupled into one arm of a 
bridge*. This connection provides a match to the 
input impedance of the carrier amplifier and allows 
the gauge resistance to be the total resistance of the 
bridge arm. With the most sensitive connection the 
bridge will detect a change of 2 uv in the length of a 
gauge initially 6 cm long. 


Such transducers have been applied to measure- 
ment of the changing length and circumference of 
the left ventricle in the intact dog. More recently 
valuable information about changes in the length 
and circumference of the ascending aorta have been 
recorded. 


Mutual Inductance 


A device utilizing the effect of mutual inductance 
was recently applied to the study of pressure-volume 
relationships in the large veins leading to the heart*’. 
The technique, previously described by PERRY and 
HAWTHORNE’, is quite simple and extremely effective 
(Figure Id). It consists of placing two copper coils 
on opposite sides of a large blood vessel. The first 
coil is driven at frequencies up to 600 kc and the 
second coil serves as a pick-up. The output from 
the second coil is linearly related to the distance (d) 
between them (Figure 2c). The linearity of the output 
when this distance is 0-02-3 cm is improved by 
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winding the coils in a saddle shape*. This configu- 
ration reduces fringing effects by concentrating the 
magnetic field more uniformly between the two 
coils. 


To construct the coils number 36 AWG Nyclad 
wire is wound on a form to give them a saddle shape. 
They are then coated with lucite or polyvinyl 
chloride, which provides a nonreactive insulating 
finish. Flexible wire leads can be brought through 
the chest wall for connection to external electronic 
equipment. 


The output from the pick-up coil is detected and 
filtered in a balanced bridge rectifier circuit. The 
resulting d.c. voltage is calibrated in terms of the dis- 
tance between the coils. The saddle shape of the 
coils permits a good fit around a blood vessel, makes 
them fairly easy to suture in place and reduces 
rocking. 


Sonocardiometer 


Pulsed sonar techniques provide an extremely flex- 
ible and accurate method of measuring dimensions 
in intact animals!®. Once the velocity of sound in 
the medium to be measured is known (approxi- 
mately 1500 m/s through body tissues and fluids), 
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the distance between the transmitting and receiving 
transducers can be conveniently derived from the 
transit time of sound passing between them. In the 
sonocardiometer the transit time is measured 
electronically at a high repetition rate. 


The circuitry provides a voltage output which is 
proportional to distance. A synchronizing pulse 
excites the transmitter and starts a bistable gate 
circuit (Figure 3). The transmitter shock excites the 
barium titanate transmitting crystal with a 0°15 us 
pulse. The crystal, which resonates at 3 mc in the 
thickness mode, beams a short burst of sound 
through the diffusion lens and across the heart to 
the receiving crystal. The pulse which appears at 
the receiver input is amplified, detected and used to 
turn off the bistable gate (Figure 3). This gate 
controls a ramp function generator which has a 
peak amplitude that is proportional to the transit 
time, or distance. A peak-detecting circuit measures 
and stores this peak amplitude from cycle to cycle. 
The d.c. level from the peak detector is proportional 
to the distance traversed by the sonic pulse across 
the heart. The device has operated very effectively 
at pulse rates from 60 pulses/s to over 2000 
pulses/s. Its frequency response easily exceeds the 
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Figure 2. Detail of miniature transducers 
used for dimension measurements 


(a) Variable of resistance transducer, 
(b) Sonar transducer ; 
(c) Saddle-shaped mutual inductance coils 
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highest frequencies associated with biological 


changes in organ dimensions. 


At 3 mc the disc-shaped crystals are 5 to 10 wave- 
lengths in diameter. Such a configuration will 
propagate what is practically a pencil beam of 
acoustic waves. Since this narrow beam would 
present an almost insoluble problem in the align- 
ment of the transmitting and receiving crystals in 
living organs, an acoustic diffusing lens of dental 
acrylic spreads the beam +60 degrees at the half- 
power points (Figure 2b). When both the sending 
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Figure 3 (above). Block diagram of sonocardiometer. Tran- 
sit time of 3 mc sound bursts is a linear function of distance 
between transmitting and receiving crystals. Bistable 
gate, which is started by transmitter and stopped by 
received signal, controls ramp function generator. Result- 
ing ramp amplitude is proportional to separation of crystals. 
Peak detector and filter derive voltage proportional to 
distance from ramp saw tooth. Cycle of operation shown 
can occur from 60 to 2000 times per minute; (b) Wave- 
forms of output at various steps. 


Figure 4 (right). Miniature pressure transducer for internal 
use in intact animals (} in. in diameter). (a) Cutaway view; 
displacement pressure applied to diaphragm is coupled 
to core which causes electrical unbalance in differential 
transformer windings. (b) Complete gauge positioned to 
measure pressure in the left ventricle of the dog heart. 
(c) Schematic diagram of transformer. (d) Waveform of 
left ventricular pressure. (D. BAKER et al.'; courtesy 
Inst. Rad. Engrs) 


FRANKLIN AND R. 





Sub-cap 
Diaphragm 


M. 





ELLIS 





Terminals (4) 


Case 












End plate 


Retaining 
nipple 
Magnetic core 
Terminal block 
Coil forms (3) 


Input coil 
Ring Input Output coil 
coil 
Support Solder 
(a) 





Diaphragm - --m4 


Output 
coil 


ba a 


te te 





Core--~{ 


Input 
coils 


a. 






2500 cycles/sec 3V 





























MINIATURE ELECTRONIC INSTRUMENTS FOR MEDICAL RESEARCH 


and the receiving crystal are equipped with lenses, 
ilignment is much less critical. A polyvinyl chloride 
coating serves as a nonreactive insulating seal around 
the lens, the crystal, and the cork reflector. Minia- 
ture coaxial cables attached to a special dog harness 
are used to couple the installed crystals to the 
rack-mounted electronic instruments. 


The sonar transducer lends itself well to biological 
measurement. Its small size and light weight make 
it especially useful for studies in intact animals. 
Utilization of this gauge on the canine heart has 
made possible studies of its function in a wide range 
of normal circumstances. The dimensions of the 
liver, spleen and major arteries also have been 
recorded with the sonocardiometer’. It is easily 
synchronized with other pulsed devices for simul- 
taneous measurements. 


Pressure Gauge 

Pressure gauges for industrial use either are so large 
and heavy that they interfere with visceral functions 
or are rapidly corroded by body fluids. To surmount 
these obstacles a miniature differential-transformer 
pressure transducer was specifically designed to be 
mounted at or near the heart in a dog and remain 
there fonsome time*. In this instrument, a pressure 
difference across the diaphragm displaces the iron 
core within the differential transformer to produce 
an electrical unbalance (Figure 4a and c). The 
resulting output is amplified and demodulated by a 
strain gauge amplifier and presented continuously 
on recording paper. 


The average sensitivity of these gauges is 0-038 V 
per mm Hg per volt applied to the input coils. 
Over a period of months the sensitivity is very 
stable. The zero drift has been measured at less than 
0-2 mm Hg/°C. The frequency response exceeds 
50 cycles/s. Because of its small size (4 in. by 
} in.), the gauge can be readily mounted adjacent 
to the heart with connecting tubing extending into 
the pumping chambers (Figure 4b). 


Pressure Capsule 


All of the transducers described above are connected 
by wire leads to the recording apparatus during 
experiments. Another approach is to incorporate 
in the gauge a miniature transmitter to relay internal 
measurements to an external receiver. Using this 
technique, a group led by John T. FARRER at 
Cornell University Medical College has developed 
a miniature telemeter capsule for studies of gastro- 
intestinal pressure®. The complete device is only 
1 cm in diameter and 3 cm long (Figure 5), and is 


* This transducer was designed by Wayne E. Quinton, Supervisor of 
the Medical Instrument Shop, Health Sciences Division, University of 
Washington, Seattle, Washington. 
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small enough to be swallowed and to pass through 
the gastrointestinal tract. The pressure in the 
intestine is transmitted to a diaphragm in the capsule 
via a rubber membrane mounted on its end. These 
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Figure 5. Diagram of miniature pressure transducer with 
F.M. transmitter for telemetering changes to remote 
receiver. Pressure changes are coupled to diaphragm 
which alters magnetic circuit of F.M. oscillator coil. 
Such a gauge has been used successfully to determine 
pressures in human gastrointestinal tract. 


measurements are relayed to the receiver during the 
entire passage of the transducer through the tract. 
This device was developed to seek a true physio- 
logical response unaffected by the discomfort and 
the distortions of structure resulting from insertion 
of tubes and balloons through the oesophagus or 
anus. 


A transistorized F.M. oscillator serves as the 
transmitter. Movement of the ferrite disk attached 
to the diaphragm changes the inductance in the 
tuned circuit of the oscillator. The resulting fre- 
quency modulation is proportional to the intestinal 
pressure measured. The capsule operates at pres- 
sures of 0 to 50cm H.O and has a frequency response 
to 100 cycles/s. It is capable of operating for fifteen 
hours on the self-contained battery. The signal 
from the capsule is picked up by a small loop 
antenna placed over the abdomen of the subject. 
The variations in pressure are observed on an 
oscilloscope connected to the output of the receiver. 
This telemetering capsule is an excellent example of 
instrumentation adapted for measurements in a 
biological system. 


Comment 


The transducer is the key link in all instruments 
designed to describe and analyse biological systems. 
The gauges and devices described in this article 
were developed out of pressing need because 
adequate techniques were not available when their 
design was started. They are the products of an 
evolution toward more adequate physiologic instru- 
mentation. 
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If one takes the point of view that the most 
accurate information about the function of anatom- 
ical systems comes from study of intact unanaesthe- 
tized organisms, then a logical approach is to 
miniaturize the gauges and adapt them for place- 
ment within or upon the animal. Reasonably there 
is a limit on the number of leads which can be 
brought out of an experimental animal and this 
number will prove too small to permit analysis of a 
large system in which many variables must be 
measured simultaneously. Ideally then more 
information could be obtained by telemetering from 
the animal. This fact alone will encourage the 
development of miniaturized transducers and tele- 
meter systems. The telemeter pressure capsule is 
an interesting example of what can be done. The 
use of micro-electronic circuitry should prove 
highly compatible with placement of meters and 
gauges within experimental animals. Even with 
increasing availability of sufficiently small and 
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efficient components, the cost of development and 
the availability of qualified designers will remain a 
problem. 
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RESEARCH PRIZE ESSAY COMPETITIONS 


Waverley Gold Medal (Ist prize £100 and Waverley Gold Medal; 
2nd Prize £50; Special Prize £50) 


Applied in Industry (|st Prize £50; Second Prize £30) 


Entries for this year’s Research prize essay competitions must be submitted during this 
month (July). The common purpose of these competitions is to try to improve the under- 
standing between the scientist and the industrialist by encouraging the scientist to write 
about his work in such a way as to make it readily comprehensible and also by drawing his 
attention to the practical problems of applying the results of this research. 


In November 1952 Research announced a ‘ Prize Essay Competition’ to encourage 
research workers both in academic life and in industry ‘ to appreciate the industrial signifi- 
cance and to exercise their ability in expressing their ideas at a policy-forming level’. In 
1955 it was announced as a ‘ Science in Industry ’ competition and the Waverley Gold Medal 
was awarded for the first time. For this competition, competitors are asked to submit an 
essay describing a new scientific project or practical development, giving an outline of the 
background, experimental results and the potential application in industry and the essays are 
judged on technical content, clarity and style. 


This year an additional Applied in Industry competition has been introduced the 
emphasis of which is on the practical difficulties encountered when exploiting scientific 
ideas and experimental results and to draw the attention of the scientist to problems of 
economics, mass production, markets, social needs, etc. This competition is open to young 
practising scientists (under 30 years old) who are asked to discuss, with these factors in mind, 
the probable commercial application of any scientific development recently described in 
the recognized scientific literature. 


Further details of the essay competitions can be obtained from the Editor of Research, 
4/5 Bell Yard, London, W.C.2. 


The closing date for entries is July 31st. 
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Advanced Gas Cooled Reactor at Windscale 


The Calder Hall type *‘ magnox’ nuclear power 
stations are not economically competitive with con- 
ventional coal-fired electricity generating stations. 
However, the prototype Advanced Gas Cooled 
Reactor (A.G.R.) which is being built by the 
Atomic Energy Authority at Windscale, Cumber- 
land (Figure 1) is designed to reduce costs—par- 
ticularly capital outlay and consequently the unit 
cost of electricity. This is accomplished by increas- 
ing the fuel rating, i.e. rate of heat production, by 
as much as six times and therefore decreasing the 
size of the plant, and also by raising the coolant 
outlet temperature from the reactor and increasing 
the thermodynamic efficiency of the steam cycle 
thus enabling a reactor of smaller heat output to 
be built for the same electrical output. Table / 
shows the figures for the two types of reactor. 


In the ‘ magnox’ reactors it is not possible to 
increase the temperature over 450°C due to loss 
of tensile strength of the magnesium alloy cans 
which contain the uranium and to changes in the 
crystal structure of the uranium. In the A.G.R. 
ceramic uranium dioxide is used as fuel instead of 


metallic uranium. This has a melting point of 
2800°C and can withstand high irradiation doses 
(in excess of 600 MW days per tonne). However, 
because it is a poor conductor of heat compared 
with metallic uranium a large surface area is required 
and this is obtained by arranging clusters of tubular 
cans containing cylindrica! pellets of uranium 
dioxide thus ensuring that the maximum operating 
temperature of the uranium dioxide is kept to an 
acceptable figure; the cans minimize release of 
gaseous fission products. Due to the large amount 
of canning material required for this arrangement, 
and also to the presence of the oxygen atoms which 


Table 1 
Magnox Windscale 
reactors A.G.R. 
Maximum Fuel Rating 
(MW/Tonne uranium) 4-5:5 19-5 


Inlet coolant temperature 


) 
Outlet coolant temperature 


(°C) 345-400 500-575 
Coolant pressure 
(Ib/s in.? g.) 125-240 270 


Thermodynamic efficiency 





Figure 1. The Windscale A.G.R. containment building and fuel element under 


construction, 


(Crown copyright reserved) 
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reduce the proportion of fissile atoms in the fuel, 
the uranium dioxide has to be artificially enriched 
with uranium—235. 

Two canning materials are being tested: beryl- 
lium has the advantage of low neutron absorption 
cross section and high thermal conductivity. Its 
melting point is high, 1280°C. However, its operat- 
ing temperature is limited by its compatability with 
the CO, coolant to 600°C and it has low ductility. 
Also it is very expensive, and its properties are not 
yet well known. The melting point of stainless 
steel, the other canning material, is 1400°C and its 
operating surface temperature is 650°C, but it has 
high neutron absorption cross section (demanding 
greater U*** enrichment of the fuel) and low thermal 
conductivity. It is, however, expected that the first 
commercial A.G.R. stations will use stainless steel 
cans as not enough is yet known about the expensive 
material beryllium. 


This reactor is designed to generate 100 MW 
(heat) and there is a net electrical output from the 
station of 28 MW. The commercial reactors will 
be much larger, and the main purpose of the 
Windscale experiment is as a test bed for assessing 
behaviour and life of the fuel elements at high 
neutron flux and temperature to obtain data for 
the design of fuel elements for this type of reactor. 
Elements are to be tested after irradiation and as 
well as those tested after being subjected to normal 
operating conditions there are sealed off channels 
in the reactor where the conditions can be altered 
—the temperature raised or impure cooling gas used. 
One or two * stringers’ or clusters of elements are 
to be examined each week—they will be dismantled 
into individual fuel elements and structural com- 
ponents and the elements examined, the outside 
dimensions measured, any gross changes in the fuel 
inside the can shown up by radiographic inspection 
and elements with defective cans sorted out. All 
this is, of course, done in shielded * caves ° by remote 
control. 


The fuel elements, which will be kept intact during 
the preliminary examination in the caves will then 
be moved to further shielde@ laboratories and cut 
up, the cans taken off the fuel and observations 
made on the sections; for instance measurements 
will be made on the distribution of fission product 
gases in the elements, to discover how much gas is 
retained in atomic form in the uranium dioxide 
where it was produced, and how much has escaped 
to be retained in the can as a gas. In another part 


of the line, sections through the UO, fuel will be 
cut and polished for microscopical examination to 
determine whether small cracks exist which could, 
under more severe operating conditions, lead to a 
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complete breakdown of the fuel. 


Polished metal- 
lurgical sections of beryllium and stainless steel 
cans will also be prepared, so that any effects of 
irradiation, e.g. the production of helium bubbles 


in the beryllium, can be seen. These sections will 
be examined using optical microscopes; subse- 
quently an electron microscope will be used on some 
specimens to make observations at the highest 
possible magnification. Other important informa- 
tion will be derived from mechanical strength tests 
on fuel and can, from density measurements, from 
samples heated to temperatures higher than the 
normal reactor temperatures, efc. 


As well as the A.G.R. three subcritical cores and 
a low power reactor, HERO (Hot Experimental 
Reactor—Zero) are being constructed at Windscale 
to study the reactor physics of the system. HERO 
will have low neutron flux to enable subsequent 
access for rearrangement of the core and experi- 
mental equipment. It has a similar graphite core 
and enriched UO, fuel elements to A.G.R. and the 
core has the same overall dimensions, but the 
flexibility of the graphite structure is such that other 
graphite moderated core arrangements can _ be 
investigated. Among the investigations to be made 
with HERO are measurements of flux distributions 
in the core, effect of rearrangements of fuel elements 
within the graphite moderator, of variation of the 
fuel element pitch and of a temperature difference 
between the fuel and graphite. 


The construction of the A.G.R. will be completed 
next April and with it the Atomic Energy Authority 
hopes to prove that nuclear power stations of this 
type are able to produce electricity at a price equal 
to or lower than the most advanced conventional 
power station. 


National Physical Laboratory Open Days 


Ship Hydrodynamics Laboratory 

There have been several press visits to Feltham* but 
this year for the first time the new laboratories were 
on view during the N.P.L. Open Days. 


The 1300 ft tank illustrated in Research (1958, 
p. 488) is now in operation; at present a 10 ft 
model of an open weather ship is being tested with 
waves ranging from 40 ft long and 2 ft high to 
5 ft long and 6 inches high and the results are 
compared with those obtained from a real weather 
ship, O.W.S. *‘ Weather Reporter *, in operation in 
the Atlantic. 


Low Temperatures 


Using a helium gas thermometer and capsule-type 
resistance thermometers and crystals the laboratory 


* Research (1958) 11, 488; (1959) 12, 437 
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is establishing a low temperature scale (20°-90°K) 
-ccurately related to the thermodynamic temperature 
cale. The resistance thermometers are calibrated 
xy reference to the gas thermometers and when 
compared with others calibrated at the National 
3ureau of Standards, Washington and the Penn- 
sylvania State University the three agree to within 
0-02°K. 

With the help of the results of these investigations 
it is hoped that in the near future the International 
Committee of Weights and Measures will be able 
tO approve a recommendation to extend the Inter- 
national Temperature Scale below its present lower 
limit of — 182-97°C (90-18°K), the boiling point of 
oxygen. 

Severn Bridge 

To illustrate the dreadful fate which may befall 
suspension bridges, the N.P.L. had on display the 
famous film of the Tacoma Narrows Bridge tragedy 
in 1940 when the bridge, after undergoing a series 
of first vertical and* then torsional undulations, 
broke up and crashed into the river. The sequence 
of the distortions was typical—because of their low 
natural frequencies and small structural damping, 
bridges of the suspension type are especially prone 
to oscillate in the wind, but of course the oscillations 
should not reach the magnitude of the writhings of 
the Tacoma Bridge. 


By suspending models of proposed bridges in a 
wind tunnel the behaviour of bridges under design 
can be predicted. At present tests are being made 
on a model of a section of the proposed Severn 
Bridge. The tunnel will simulate wind speeds up 
to 100 m.p.h., and it has been found that the bridge 
will vibrate vertically in 20 m.p.h. and torsionally 
in 35 m.p.h. winds; various modifications to the 
design, such as alteration of the depths of the railings 
and the width of the footpaths have been suggested 
by N.P.L. to minimize the oscillations. 


Electron Microscope Image Intensifier 
Magnifications of as high as one million can be 
cbtained using an electron microscope image 
intensifier (Figure 2). This apparatus, which enables 
the image from a high magnification electron micro- 
scope to- be viewed on a cathode ray tube screen 
has been developed in the Research Laboratories, 
Associated Electrical Industries. 


[he normal fluorescent viewing screen of the 
microscope is removed and the electron image 
illowed to fall into a thin layer of selenium which 
has an electron transparent metallic signal plate on 
the upper surface. Each incident high voltage 
zlectron can release up to 2000 electronic charges 
in the selenium and these are driven to the lower 
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surface of the layer by a positive potential applied 
to the signal plate. The intensified charge image is 
now established on the lower surface of the selenium 
layer and is scanned off by an electron beam which 





Figure 2. Electron microscope fitted with 
image intensifier tube 


erases the charge point by point, enabling picture 
signals to be led out via the signal plate, amplified 
and displayed on a cathode-ray tube. 


Road Safety Research Track 

Whilst the Birmingham Accident Hospital is 
analysing the causes of the road accident cases they 
admit* the Road Research Laboratories are con- 
structing a test track at Crowthorne, also to study 
the engineering aspect of accidents. Their research 
will include studies of vehicle behaviour when 
braking on different surfaces, using various braking 
systems and components, factors affecting motion 
and response of vehicle under different steering 
conditions, a study of vehicles running into kerbs 
of various shapes and dimensions, and a study of 
crashes of various types. 


The track, which is three miles long, will be laid 
out in the form of a figure of eight. There will be 
test sections differing in colour and type of road 
surfaces and effect of various types of street lighting 
will be determined. One section, approached by a 
banked bend, will be kept continuously wet to 
investigate high speed skidding and braking, and 
electronic apparatus for use in fogs, or as a warning 
of hazards, will be tested. 


* See ‘ Commentary’ p. 245 











LETTERS TO THE EDITOR 


Research in Technical Colleges in the Provinces 
Sir, 

While thanking you for your timely and welcome 
leading article on Research in Technical Colleges in the 
Provinces in the May 1960 issue, I should be very grateful 
for some of your space to add to the information you 
gave about the publication of the set of qualitative 
analysis tables now much in use in schools and colleges 
in the midlands. The tables are, in fact, published by 
the Midlands Association for Qualitative Analysis which 
came into being in August 1954, principally at the 
instigation of its President, Professor R. BELCHER, and 
initially under his Chairmanship, as the Midlands 
Qualitative Inorganic Analysis Committee. 


The main objects of the Association are to prepare 
schemes for: (/) systematic examination of common 
cations, based on the well established classical procedure; 
(2) the examination of anions; (3) the examination of the 
less common cations. 


The work of the Association has been conducted 
through a long series of discussions and investigations 
involving members of the staff of Birmingham University 
and many technical colleges and schools in the midlands. 
Where necessary research work has been carried out to 
modify existing schemes and to develop new procedures. 
The results have been incorporated in our published 
tables for both elementary and advanced semi-micro 
qualitative inorganic analysis and have been reported in 
detail in thirteen papers, to date, in Mikrochimica Acta. 
These papers have been contributed by Birmingham 
University and the technical colleges at Birmingham, 
Coventry, Derby, Gloucester, Handsworth and Worcester. 
Our present research programme is being carried out in 
these colleges, together with at least six other colleges and 
schools. 


It is clear that this Association has done a great deal 
to initiate and encourage research work in technical 
colleges in the midlands. I think similar organizations in 
other parts of the country with strong university support 
could play an important part in fostering further research 
work in a variety of subjects in technical colleges. 
Smaller colleges particularly benefit, not only by having 
suitable problems suggested to them, but by being able 
to draw on expert opinion and advice. 

Yours faithfully, 
A. G. CATCHPOLE 
(Chairman, Midlands Association for Qualitative Analysis) 


Wolverhampton & Staffordshire College of Technology, 

Wulfruna Street, 

Wolverhampton. 19th May, 1960 
Sir, 

When I saw the heading of your commentary in the 
May issue of your journal—Research in Technical 
Colleges in the Provinces—\ naturally read it with interest. 
I was, however, very disturbed to find that alliteration’s 
artful aid had led your contributor to an excessively 
generous appraisal of our research as * vast and varied ’. 
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Varied, yes, but very far from vast. 


A satisfactory 
beginning has been made; for example a college estab- 
lishment of fourteen Research Fellows and twenty-two 
Research Assistants has been approved and partly filled, 
and support is increasingly forthcoming from industry 


and other sources. I hope, therefore, that you will 
allow me to make this disclaimer, while stating our 
intention to develop research fully as an integral part of 
our work, and expressing my appreciation of the com- 
mentary which said very many things which need to be 
said. 
Yours faithfully, 
R. M. VENABLES 
(Principal) 
City of Birmingham College of Advanced Technology, 
Gosta Green, 


Birmingham, 4. 19th May, 1960 


Sir, 

Your Commentary on page 165 of your May issue 
makes interesting reading. I note that you have referred 
to a number of colleges by name and [I trust it was no 
Omission on my part that caused you to make no reference 
to the substantial work being carried out here in a number 
of departments, including Chemistry, Physics, Pharmacy, 
Biology, while Textiles and Engineering deal with various 
Industrial Problems. 

There have been a considerable number of papers 
published in recent years. Research in Chemistry and 
Biology is some of it aided by the Chemical and Pharma- 
ceutical industries. There are quite a large number of 
staff involved. There are students with D.S.I.R. awards 
as well as a Wellcome Research Fellowship; the latter 
normally goes to a University. There is also a well 
supported post-graduate and research course in Radio- 


chemistry. A number of students have recently taken 
Ph.D. awards. 
Yours faithfully, 
R. E. Woop 
(Principal) 


College of Technology and Commerce, 
The Newarke, 


Leicester. 25th May, 1960 


Sir, 

Doctor Catchpole’s letter is a useful and authoritative 
addition to the statement on research in qualitative 
analysis. Doctor Venables is, of course, the unquestioned 
authority on the work of the Birmingham College of 
Advanced Technology and I accept his mild rebuke. 
In a survey of this sort it is not possible to pick out 
many colleges and for that reason alone Leicester was 
omitted. 

Yours faithfully, 
STRATCHAN COUSINS 


Buckhurst Hill. 14th June, 1960 
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Physical Metallurgy of Stress Corrosion Fracture 
THor. N. RHODIN (Ed.) 
(xiii + 394 pp; 94 in. by 6 in.) 


New York and London: Interscience Publishers 98s 


STRESS corrosion is a fringe phenomenon in so far as it 
possesses both physical and chemical aspects each 
significant and essential to the problem as a whole. One 
of the purposes of the Conference on which this book 
is based was to bring together people who had studied on 
one hand the chemical and electrochemical part of the 
problem, and on the other the physical side dealing with 
the role of structural imperfections such as dislocations. 


In the past the electrochemical side has been strongly 
pursued, and in the present book there are several 
papers which explore this avenue, in particular for steels. 
However, this is the first time considerable emphasis 
has been placed on the physical aspects of crack nuclea- 
tion and propagation, and their relation to dislocations 
and slip bands as observed in the electron microscope. 
Two papers on 2-brass illustrate this new approach, while 
the influence of surface structures on chemical interaction 
has been reviewed very thoroughly in a way which should 
assist further theoretical work on the initiation of stress 
corrosion. Several papers give details of the crystallo- 
graphic habit of cracks in austenitic steels and of grain 
boundary cracking in mild steels, which tend to emphasize 
the complexity of the problem. This view is heightened 
by the description of results with such diverse corrosion 
systems as steel in hydrogen sulphide, stainless steel and 
nickel alloys in chloride solutions, brass in ammonia etc. 


The metallurgist will thus find much of interest 
concerning the stress corrosion behaviour of numerous 
alloys and may learn of new hazards. However, from the 
long term view the new emphasis on the importance of 
both chemical and physical (or structural) aspects is 
very welcome, and it can be confidently predicted that 
much progress will be made in our understanding of this 
vexing problem in the next few years. R.W.K.H. 


Exploding Wires 
W. G. CHAceE and H. K. Moore (Eds) 
(373 pp; 94 in. by 6 in.) 


New York: Plenum Press; London: Chapman and Hall 
76s 


Tuis book is based on lectures given at the Conference on 
the Expleding Wire Phenomenon, held in April 1959, 
and serves as a monograph on the subject, as is shown by 
the scope of the subjects treated. The first lecture is an 
introduction and is followed by chapters on the electrical 
and thermal phenomena, and applications. When the 
wire is called upon to carry more current than is possible 
without melting and disintegration, two phases occur— 
n the first the wire melts, yet retains its shape approxi- 
mately, while a large current traverses its substance and 
dies down, as the space becomes filled with high density 
vapour. As the density decreases, the mean free path of 
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the ions increases and is followed by an ‘avalanche’ 
of current, controlled by the impedances in the circuit 
These two phases may be separated by a pause, and 
several of the chapters are concerned with this pause. 

Applications are described in many fields, for example 
in photochemistry, for producing a high temperature 
(million degrees source), and for producing plasma which 
may be accelerated, but the greater proportion of the book 


is devoted to the study of the mechanism. A.C.M. 
Tantalum and Niobium 
G. L. MILLER 
(xxii+ 767 pp; 8} in. by 54 in.) 
London: Butterworths Scientific Publications. New 
York: Academic Press Inc. £6, $21-00 


THE science of the rarer high melting point transition 
metals had in recent years advanced at so great a rate, 
that the appearance of a compendium on each metal is 
a most welcome event to the research worker and user 
in this field. Dr MILLER’s book on Tantalum and Nio- 
bium succeeds five other works in this series (on 
Chromium, Manganese, Molybdenum, Titanium and 
Zirconium, which themselves have now become estab- 
lished reference works)—and succeeds very well indeed 
Some twenty years ago Ta and Nb were little more than 
metallurgical rarities with only minor applications; but 
their recent importance and the intense activity in this 
field (mainly stimulated through the growing demands 
of high temperature performance and atomic energy) is 
reflected by a now voluminous literature which however 
is so dispersed, not only amongst journals, but also in 
once-classified (and often still unpublished) reports that 
a coordinative work like the present is doubly valuable. 
Within reason, it can hardly be ‘too long’. Yet, any 
stocktaking in a fast-flowing stream involves the natural 
hazard of some outdatedness before the end; however, 
it is evident that the author was much aware of this and 
has kept the subject under constant revision to 1958, in 
instances to 1959. (Slim addenda and commentary 
volumes, say biennially, might well be suggested to the 
publishers, not only to this, but also to the previous 
books on chromium, titanium efc., where such need 
certainly already exists; this could probably be produced 
more rapidly and effectively than a second edition.) 

The book covers all technological and scientific aspects 
of the two metals which are treated in close conjunction, 
so as to allow a useful comparison between them. Its 
twelve chapters fully, but concisely deal with ore- 
occurrence extraction economics and applications of 
the metals; their separation, production, purification 
fabrication (and, not the same, fabricability); with their 
properties both physical and mechanical, with corrosion 
and oxidation behaviour, as well as reaction with liquid 
metals (from the nuclear applications viewpoint); a 
major section on niobium and tantalum based binary 
alloys brings together a detailed and especially valuable 
collection of data and references, as does one on specific 
compounds such as carbides and silicides 
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Techniques of chemical analysis and metallography 
are relegated to appendices, which helps continuity and 
readability. The latter is excellent for a compendium of 
this kind. The presentation is as well balanced as the 
uneven advance of the subject and the need for some 
selectiveness permits. A full bibliography to each chapter 
supplements the already large amount of textual inform- 
ation and makes up for any possibly missed items. 
Altogether this book can be warmly recommended to a 
wide circle of metallurgists and industrial scientists. 

H.J.G. 


Advances in Catalysis and Related Subjects Vol. XI 
D. D. Etey, P. W. SELwoop and P. B. Weisz (Eds) 
(x + 384 pp; 9 in. by 6 in.) 


New York and London: Academic Press. 89s 6d, 
$12.50 


One oF the most exciting and industrially important 
reactions to be discovered in recent years is the poly- 
merization of ethylene disclosed by ZEIGLER in 1954. 
That this is a heterogeneous catalytic reaction was shown 
by Natta when he prepared from higher olefins, such as 
propylene, stereospecific polymers in which the stereo- 
isomeric arrangement of groups on each second carbon 
atom was the same. This volume, the eleventh in the 
series, opens with an account by Natta and PASQUON 
of some current ideas on the mechanism of the reaction. 
Experimental work, mainly due to Natta and his col- 
leagues, is presented in considerable detail, and touches 
on such topics as kinetics, chain transfer and the use of 
radioactive carbon to determine the number of active 
centres of the catalyst. 


Two chapters are devoted to the tools for investigating 
surfaces. CULVER and TOMPKINS give a very clear account 
of the theory underlying the Work Function and the 
Contact Potential of surfaces and the problems associated 
with measuring these quantities. The importance of this 
tool in studying catalysis is that adsorbed substances alter 
the surface electrical properties and these changes can 
provide information about the quantity and nature of 
the adsorbed species and their associated energy changes. 


Heats of immersion can also provide information as 
to the nature of surfaces, although possibly of less direct 
relevance to the problems of catalysis. CHEssICK and 
ZETTLEMEYER describe experimental methods of obtaining 
these heats and discuss the results obtained by wetting 
surfaces with different liquids. 


The commonest surface reaction is probably the burn- 
ing of carbon. This and other reactions between carbon 
and gases are dealt with in some detail and with many 
useful references by WALKER, RUSINKO and AUSTIN. 
Many of the concepts developed for the understanding 
of catalysis can be applied to these gas/carbon reactions 
and the authors provide an interesting discussion of the 
reaction mechanisms. 

Exchange reactions between hydrocarbons and deu- 
terium have already shed much light on the mechanism 
of catalysis. KEMBALL reviews the recent work which has 
mainly concerned saturated hydrocarbons. One feature 
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of this recent work has been the extra information 
obtained from mass spectrometric examination of the 
products, for instance in revealing the presence of 
different types of exchange reaction and showing the 
manner in which certain hydrocarbons are adsorbed. 


The last chapter is a review by HALPERN on the 
catalytic activation of hydrogen, The reaction of hydrogen 
with ions in solution is a subject which HALPERN has made 
his own, but in this review he goes on to show how the 
common factor of electronic configuration links these 
homogeneous reactions with the activation of hydrogen 
on heterogeneous catalysts. Here too, he expounds the 
interesting possibility that in biological systems containing 
the enzyme hydrogenase these ideas may also be applic- 
able. 

Advances in Catalysis has already achieved an inter- 
national reputation for presenting authoritative accounts 
of modern work, a reputation which the present volume 
fully maintains, G.H.T. 


Amino Resins 
JOHN F. BLAIS 


(xi + 220 pp; 74 in. by 5} in.) 


New York: Reinhold Publishing Corporation; London: 
Chapman and Hall. 40s 


Since the first moulding powder produced in England in 
1926 aminoplasts have been developed world-wide for 
use in many resin fields and hold a high place among 
commercial plastics for volume usage. The book re- 
viewed here is the first to attempt to present concisely 
the breadth of amino resin applications. It is the thir- 
teenth published in the Reinhold Plastics Application 
Series and follows in general the pattern used in other 
publications in this series. The author has succeeded in 
his primary aim to describe the many applictions of amino 
resin products and also to identify the several types of 
amino resin materials with the applications. 


Throughout the emphasis is maintained on application 
and covers the fields of resin manufacture, moulding, 
adhesives, laminates, textile finishes, paper treatment 
and surface coatings. Not more than 12 per cent of the 
book is devoted to the history of the development and to 
the chemistry of the class and may therefore be a dis- 
appointment to the polymer chemist and pure research 
man, particularly in view of the large number of papers 
that have been written on amino resins over the last 
thirty years. It must be appreciated that the book is aimed 
at a broad band of readers—students, equipment manu- 
facturers, all classes in the plastics industry, ec. 


Particular attention is given to urea and melamine 
resins and much recently released commercial information 
has been included. The more recent resins based on 
ethylene urea and the guanamines are also covered 
although as yet these have not found large volume 
outlets. The technical information comes in the main 


from United States sources and trade names of United 
States products are extensively used. This is unavoidable 
but must be nevertheless a source of irritation to readers 
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10t completely familiar with these names through the 
constant effort to correlate the described product against 
lomestically produced material. The book is well pro- 
juced and is a welcome addition to the Reinhold series. 
t is good to know that the series is being extended to 
cover polycarbonates, polypropylene, efc. D.D. 


Detoxication Mechanisms 
(2nd Edn) 


R. T. WILLIAMS 
(x + 796 pp; 9 in. by 54 in.) 
London: Chapman & Hall. 126s 


ORGANIC chemicals foreign to the body and often 
unknown in nature are isolated or synthesized in large 
numbers and may then be made use of in a variety of ways. 
They are employed as drugs, preservatives, pesticides and 
cosmetics. They are also used as flavourings, fillers and 
colouring agents in the food industry and are met with as 
dyestuffs, plastics and synthetic rubbers. It is by no means 
certain that all of these substances are harmless to those 
who consume or come into contact with them and it is 
therefore essential to know whether the organism can 
metabolize them to form non-toxic compounds which 
can be readily eliminated. Failing this it is important 
to know if they are likely, due to cumulation in the body 
or metabolic changes, to cause symptoms of poisoning. 
The increasing use of synthetic chemicals in medicine 
and industry has made it increasingly clear that a study 
of their biochemical fate in the body must now form a 
part of any comprehensive pharmacological or toxico- 
logical investigation. The knowledge that a compound 
can be detoxicated and identification of the products of 
its metabolism can yield valuable information about the 
biochemical mechanisms available for dealing with 
foreign chemicals. This can be used either to design 
readily metabolized compounds, so largely avoiding 
localized toxic reactions and systemic side effects, or if a 
prolonged or lethal effect is desired compounds can be 
designed which cannot be readily detoxicated. 


Professor WILLIAMS has presented what is essentially an 
encyclopaedia which deals systematically with pathways 
of metabolism of organic chemicals used by man. In the 
introductory chapter he sets out clearly the mechanisms 
of detoxication and metabolism so far known and in- 
cludes a short historical survey. The last chapter is a 
critical review of theories advanced to account for 
the nature and existence of the biochemical mechanisms 
involved in the metabolism and removal of foreign 
chemicals from the body. By far the greater part of the 
book consists of a well documented review of individual 
ceinpounds grouped together according to their 
chemical nature. Each chapter has an extensive biblio- 
graphy and the book is also equipped with extensive 
author and subject indices. In its field it is a very con- 
siderable work and there is little place for criticism. 
In a later edition, however, the author might devote 
space to dealing in detail with the nature of the inactiva- 
tion sites and with the properties of the enzymic and other 


mechanisms which are involved in the metabolism of 
foreign chemicals. Pharmacologists would also welcome 
a more extensive treatment of the catechol amines, 
histamine and 5-hydroxytryptamine. 


Most pharmacologists and toxicologists will wish to 
possess this book, and it should also find a place on the 
shelves of all medical and scientific libraries. 35; 


Solid State Physical Electronics 
A. VAN DER ZIEL 
(x + 604 pp; 84 in. by 54 in.) 
London: Macmillan and Co. 37s 6d 


THis book has a wider scope than might be expected 
from the title. The author has attempted to produce an 
introduction to the phenomena associated with the 
behaviour of electrons, both inside a solid and when 
escaping from the surface of a solid, and to the various 
practical devices making use of these phenomena. 

The first quarter of the book is an introduction to the 
essential theoretical background; to wave mechanics, 
atomic spectra, classical and quantum mechanics and the 
properties of semiconducting materials. The second 
quarter is devoted to the theories of electron emission and 
of various vacuum devices using electron emission. The 
third section concerns solid junctions between metal 
and semiconductor and between two semiconductors. 
The author briefly describes methods of manufacture 
and practical operation of various forms of transistor, 
as well as their purely theoretical aspects. The remainder 
of the book deals with a number of miscellaneous topics 
such as luminescence, the physics of insulators, and 
piezo-electric and ferro-electric effects, with two chapters 
on modern theories and applications of magnetism. 


The introductory theory and the chapters on solid 
conduction in semiconductors and on transistor theory 
are the most satisfactory sections of the book (although 
the definition of the Fermi level particularly as applied to 
a semiconductor is not very clear). The discussion of 
thermionic emission is less satisfactory, the theory being 
mainly in terms of a metal emitter. The picture of an 
oxide cathode as a thin layer of a semiconductor on a 
metal surface is oversimplified, with no mention being 
made of the work of Loosjes and Vink who consider the 
coating as an open porous structure, with almost the 
whole electron current passing through the pores from 
the basal layers of the coating. Each chapter concludes 
with a short list of books suitable for further study, but 
the usefulness of the book would be increased if these 
lists were expanded, with more references to review 
articles and to original research. 


Despite such criticism, the book can be recommended 
to students of both electrical engineering and physics 
as a general introduction to the theory of the devices upon 
which so much of our present technology depends 


The general presentation of the book is excellent, and 
the price moderate. 


H.N.D. 


BOOK 


Bibliography of Cancer Produced by 
Pure Chemical Compounds 
Otto NEUBAUER 
(630 pp; 10 in. by 64 in.) 

London: Oxford University Press. 42s 
THE ever-expanding volume of literature published in 
various fields of scientific research makes any publication 
which offers a convenient review of a specialized topic 
of great value to those carrying out research in the field. 
The late Professor NEUBAUER’S book is a bibliography 
of cancer produced by pure chemical substances, and 
is conveniently sectioned and sub-sectioned to allow 
identification of type of carcinogen and effect produced. 
The location of individual compounds tested is not so 
easy, and as titles only of papers are quoted often only 
a very general indication of the types of chemicals being 
discussed is obtained. The absence of a formula index, 
which would have overcome this drawback, is to be 
regretted. 


For a review to have the maximum value it is essential 
that it be as up to date as possible, and here this work 
falls far behind the ideal, the latest references being to 
papers published in 1947. Nevertheless the book will be 
of value, as it will reduce the labour of searching through 
the literature by eliminating the necessity of referring to 
many early papers. It is to be hoped that in due course 
a second edition will cover the large gap not dealt with 
in this volume. Q.N.P. 


Nuclear Fuel Elements 
H. H. HAusner and J. F. SCHUMAR 
(xi + 409 pp; 94 in. by 6 in.) 
Reinhold Publishing Corp.; 
Chapman and Hall. 100s 


THe First International Symposium on Nuclear Fuel 
Elements was held at Columbia University, January 
28-29th 1959, and this book consists almost entirely of 
the papers presented at this Symposium with the addition 
of an example of a complete specification of a fuel element 
system and a valuable bibliography of 494 references on 
the subject. 


New York: London: 


The problem of the fuel cycle and therefore the 
development and fabrication of fuel elements is at the 
strategic centre of the atomic power industry. It affects 
the capital costs of reactors and their processing costs 
in both of which a considerable reduction is necessary 
before atomic power is firmly and unquestionably 
cheaper than power from natural fuels. The value of a 
given fuel element system depends however on the position 
reached in painstaking and arduous research and develop- 
ment towards achieving a technology which is certain 
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and relatively cheap. It is therefore most desirable that 
research workers should frequently be brought close 
together with reactor constructors in exploring the 
potentialities of different fuel cycles. 

This was the function of this symposium and the 
purpose of the book must be to do the same for those who 
were not there. 


Most chapters are concerned with the various types 
of fuel elements: the metal types, the dispersion types 
and the various approaches to high temperature fuel 
elements. In these chapters research and development 
is closely related to problems of design and operation. 
There are others on fabrication methods and costs and 
the behaviour of reactor elements under operating con- 
ditions. 


Were this a textbook one would have to point out 
omissions such as beryllium cladding for high temperature 
elements: this is mentioned but hardly discussed in suffi- 
cient detail. A book of this sort however disarms criticism 
by its very nature and the editors reinforce this by their 
admission of overlapping and omission. 

This work will, however, be read and studied with 
appreciation by most workers in this field for its solid 
content of relevant knowledge and opinion. P.A.F.W. 


Photoperiodism in Plants and Animals 
R. B. WitHRow (Ed.) 
(xvii+903 pp; 94 in. by 5} in.) 

London: Bailey Bros and Swinfen. 133s 


Photoperiodism edited by Robert B. WitHRow of 
the Smithsonian Institution, being publication N55 of the 
American Association for the Advancement of Science, 
contains a series of papers dealing with aspects of the 
subject ranging from photochemical principles through 
the effect of light on plants and on invertebrates to the 
control of periodic functions in mammals by light. 
Seventy-five contributors are concerned with the papers 
contained in the volume which is dedicated to the 
memory of the editor who died as the compilation was 
completed. 

There are fifty-seven papers in all, grouped in eleven 
sections, covering fairly completely the field of photo- 
biology. These papers were contributed either as original 
papers or as commentaries on them at the Symposium 
held in Gatlinburg, Tennessee, in October 1959 under 
the auspices of the Committee on Photobiology of the 
National Academy of Science—National Research Coun- 
cil and supported financially by the National Science 
Foundation. Though the symposium is described as 
international only ten of the seventy-five contributors 
come from Institutes outside the U.S.A. J.C. 
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